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I. —  On  some  new  Colouring  Blatters,  Derivatives  of  Dinitrohenzole, 
Dinitronapht?ialine,  ^c.  §"c. 

By  Arthur  H.  Church  and  William  H.  Perkin. 

By  the  action  of  nascent  hydrogen  upon  dinitrobenzole,  its  homo- 
logues  and  analogues,  red  or  purple  colouring  matters  of  great 
intensity  are  produced.  At  present  we  can  give  an  account  of 
the  preparation,  composition,  and  properties  of  two  only  of  these 
interesting  bodies ;  but,  as  we  shall  show  towards  the  conclusion 
of  this  communication,  the  number  of  similar  bodies  producible  is 
very  great. 

I.  Action  of  nascent  hydrogen  on  Dinitrobenzole.  —  When  an 
alcoholic  solution  of  dinitrobenzole  is  treated  with  zinc  and  hydro- 
chloric acid,  the  evolution  of  hydrogen,  at  first  energetic,  soon 
ceases  almost  entirely,  and  then  the  liquid  in  the  immediate 
neighbourhood  of  the  zinc  assumes  a  rich  crimson  colour.  When 
the  reaction  is  complete,  the  liquid  must  be  separated  from  any 
excess  of  zinc,  and  after  complete  neutralisation  with  an  alkali, 
thrown  upon  a  filter  and  washed  with  water.  The  dark-coloured 
oxide  of  zinc  on  the  filter  must  be  exhausted  repeatedly  with 
strong  alcohol.  The  residue  left  on  evaporation  to  dryness  at 
100°  C.  of  this  alcoholic  solution,  may  be  completely  purified  by 
washing  with  water  and  exhaustion  with  absolute  alcohol,  in  which 
the  colouring  matter  is  extremely  soluble.  This  solution  evapo- 
rated in  the  water-bath  ultimately  deposits  the  whole  of  the 
colouring  matter  in  a  state  of  perfect  purity.     We  have  examined 
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the  properties  of  the  substance  as  obtained  from  its  solution  in 
absolute  alcohol.  For  considerations  which  will  shortly  be  appa- 
rent, we  have  named  this  substance  nitkosophenyline.  Besides 
the  general  outlines  of  the  method  for  the  preparation  of  nitroso- 
phenyline,  the  following  precautions  may  be  noted.  If  the  acid 
solution  of  the  colouring  matter  be  evaporated  to  dryness  in  the 
presence  even  of  a  trace  of  chloride  of  zinc,  the  substance  then 
no  lono-er  gives  with  strong  acids  the  characteristic  magnificent 
crimson  tint  of  nitrosophenyline.  Again,  the  action  of  the  zinc 
must  not  be  too  energetic,  nor  must  the  solution  get  too  hot.  A 
saturated  cold  solution  of  dinitrobenzole  may  be  taken ;  the  zinc 
should  be  perfectly  pure,  and  in  the  form  of  a  long  strip,  which, 
when  occasion  requires,  may  be  conveniently  and  rapidly  with- 
drawn. The  hydrochloric  acid  should  be  strong,  and  added  care- 
fully, drop  by  drop,  until  the  whole  of  the  dinitrobenzole  has 
been  converted:  when  the  reaction  is  complete,  a  drop  of  the 
coloured  solution  will  not  produce  any  turbidity  with  water. 

Properties  of  Nitrosojihemjline. — As  obtained  by  the  evaporation 
of  its  alcoholic  solution,  nitrosophenyline  occurs  in  the  form  of  a 
black,  shining  film,  brittle,  and  easily  removed  from  the  containing 
vessel.  Although  when  pure  It  stands  a  temperature  considerably 
higher  than  100°  C.  without  undergoing  any  change,  yet  it  is  not 
volatile  without  decomposition.  On  the  application  of  heat,  it 
fuses,  then  evolves  a  white  vapour,  leaving  a  very  bulky  car- 
bonaceous residue,  which  may  be  completely  burnt  in  a  stream  of 
oxygen  or  by  prolonged  ignition  in  the  air.  The  new  body  is 
almost  insoluble  in  water,  but  very  soluble  in  acids  and  in  alcohol. 
To  benzole,  &c.,  it  imparts  scarcely  a  trace  of  colour.  Heated 
strongly  with  soda  lime,  all  the  nitrogen  of  nitrosophenyline 
appears  in  the  forms  of  ammonia  and  aniline.  The  formation  of 
aniline  was  detected  by  its  well-known  reaction  with  hypochlorite 
of  lime.  Nitrosophenyline  appears  to  have,  if  any,  a  very  slight 
claim  to  the  basic  character. 

The  alcoholic  solution  of  nitrosophenyline  exhibits  some  re- 
markable optical  properties.  Perfectly  transparent  to  transmitted 
light,  it  presents,  when  viewed  in  reflected  light,  a  most  extra- 
ordinary degree  of  opacity.  A  solution  of  O'Ol  of  a  gramme 
dissolved  in  5  grammes  of  alcohol,  the  solution  thus  containing 
only  0-2  of  a  per  cent,  of  nitrosophenyline,  exhibits  this  pheno- 
menon in  a  very  marked  manner:  a  brilliant  orange-red  light 
illuminates  the  surface  of  the  liquid,  and  descends  to  a  slight 
dei)th  beneath   it;    while   the   liquid   itself  appears    as    if  finely 
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powdered  vermilion  were  suspended  in  it.  The  flame  of  alcohol 
saturated  with  a  baryta-salt  is  suitable  for  exhibiting  the  curious 
properties  of  this  solution  :  but  they  are  best  seen  when  examined 
with  the  solar  spectrum,  the  red  ray  producing  no  effect. 

The  colouring  matter  is  acted  upon  by  acids  and  by  alkalies. 
The  strongest  hydrochloric  acid  and  dilute  nitric  and  sulphuric 
acids  dissolve  it  with  a  magnificent  crimson  tint ;  ebullition  with 
nitric  acid  produces  a  yellow  colour ;  and  solution  in  Nordhausen 
sulphuric  acid,  an  intense  brown,  which  nearly  disappears  on 
addition  of  water.  Potash,  soda,  and  ammonia  partly  precipitate 
the  colouring  matter  from  its  acid  solutions  in  brownish-yellow 
flakes ;  but  if  the  action  of  the  alkali  be  not  prolonged,  the  original 
crimson  tint  of  the  solution  reappears  on  the  addition  of  an  acid. 
From  a  solution  of  nitrosophenyline  in  hydrochloric  acid,  the 
colouring  matter  gradually  separates  as  a  reddish  film,  having  the 
brilliant  metallic  lustre  of  copper.  If  nitrosophenyline  be  dis- 
solved in  the  strongest  hydrochloric  acid,  and  the  solution  be 
exposed  to  the  air,  a  gummy  mass  is  formed  after  some  time, 
while  a  portion  of  the  nitrosophenyline  separates:  the  hydro- 
chloric acid  in  this  compound  does  not  exist  in  any  definite 
proportion. 

By  the  prolonged  action  of  nascent  hydrogen,  nitrosophenyline 
loses  its  colorific  properties,  possibly  passing  into  a  substance 
containing  no  oxygen  (and  possessing  the  basic  character  ?).  The 
diflSculty  of  preparing  pure  nitrosophenyline  in  sufficient  quantity 
has  prevented  us  from  inquiring  into  the  exact  nature  of  this  new 
product,  but  the  inquiry  would  not  be  without  interest.  We 
have  not  as  yet  succeeded  in  regenerating  from  this  colourless 
compound,  by  the  action  of  oxidising  agents,  the  original  nitroso- 
phenyline. All  the  analogues  of  nitrosophenyline  which  we  have 
obtained  suffer  further  reduction,  producing  colourless  compounds 
by  the  prolonged  action  of  hydrogen. 

It  was  not  surprising  to  find  that  dinitrobenzole  is  not  the  only 
substance  of  the  benzole  type  from  which  a  colouring  matter  may 
be  produced  in  the  way  described.  In  the  following  table  is  a 
list  of  substances,  homologous  with  dinitrobenzole,  all  of  which 
give  similar  reactions  with  nascent  hydrogen :  — 

1.  Dinitrobenzole  C12  H^  ^NO^ 

2.  Dinitrotoluole  Ci^  Hg  2NO4 

3.  Dinitroxylole  C,6  Hg  2NO4 

4.  Dlnitrocumole  Cjg  Hjq2N04 

5.  Dinitrocymole  C20  H,22N04 
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The  hydrocarbons  from  which  the  above-mentioned  substances 
were  produced  had  been  obtained  from  very  various  sources.  On 
account  of  the  sparing  solubility  of  dinitroxylole,  &c.,  the  com- 
pounds corresponding  to  nitrosophenyline  in  the  higher  terms  of 
the  series,  are  produced  but  sparingly  by  the  method  above  given. 

Compositioii  of  Nitrosophenyline. —  Unlike  most  colouring  matters, 
nitrosophenyline  offers  no  difficulties  in  its  analysis.  In  burning 
it,  a  stream  of  oxygen  was  employed  towards  the  close  of  the  com- 
bustion ;  in  this  way,  the  carbonaceous  residue  which  it  leaves  on 
ignition  was  rapidly  consumed.  The  nitrogen  was  determined  by 
igniting  the  substance  with  soda-lime  and  precij^itating  the  mixed 
hydrochlorates  of  aniline  and  ammonia  with  bichloride  of  platinum. 
As  each  equivalent  of  platinum  corresponded  to  1  eq.  of  nitrogen, 
the  percentage  of  this  latter  element  in  the  original  substance  was 
calculated  from  the  amount  of  metal  left  on  the  ignition  of  the 
platinum-salts  just  mentioned.  The  following  are  the  details  of 
our  analyses  :  — 

I.  0*293    grm.  of  nitrosophenyline  gave 
0-634       „      „  carbonic  acid,  and 
0-1235     „      „  water. 

II.  0-2825     „      „  nitrosophenyline  burnt  with  soda-lime  gave 
0-454       „      „  platinum. 

In  100  parts: 

T.  II. 

Carbon  ....  59*04 
Hydrogen  ....  4*68 
Nitrogen     ....  22-80 

These  percentages  lead  to  the  formula 
Ci2  Hg  Nj  Oj, 
as  may  be  seen  in  the  following  table :  — 


Theory. 

Experiment 

2  equiv.  of  carbon 

.     72 

59-01 

59*04 

6      „       „  hydrogen      . 

6 

4-92 

4-68 

2      „       „  nitrogen 

.     28 

22-95 

22-80 

2      „      „  oxygen 

.     16 

13-12 

■ — 

1  equiv.  of  nitrosophenyline  .    122  100*00 

This  formula  is  confirmed  by  the  mode  in  which  nitrosopheny- 
line is  formed  from  dinitrobenzoie,  C,2  H^  2X0^,  or  from  nitra- 


DINITROBENZOLE,    DINITRONAPHTHALINE,  &C.  5 

iilline,  Cj2  Hg  Ng  O4,  and  by  the  decompositions  which  it  undergoes. 
As  it  forms  no  salts,  the  formula  could  not  be  controlled. 

The  relations  of  nitrosophenyline  to  dinitrobenzole  and  to  nitra- 
niline  becomes  simple  and  intelligible  if  we  arrange  the  crude 
formula  of  nitrosophenyline  as  derived  fi'om  the  foregoing  ana- 
lyses, thus  — 

or  thus  — 

H, 


''■'  (no  j 


H 
H 


iN: 


consequently,  it  differs  from  dinitrobenzole  by  containing  6  equiv. 
oxygen  less,  and  2  eq.  hydrogen  more ;  and  from  nitraniline  by 
containing  2  eq.  oxygen  less.  Thus,  in  the  production  of  nitroso- 
phenyline from  dinitrobenzole,  1  eq.  of  NO4  is  replaced  by  1  eq. 
NHg,  while  the  2nd  eq.  loses  2  eq.  of  oxygen ;  the  1  eq.  NO4  in 
nitraniline  is  similarly  reduced  to  NOg.  Nitrosophenyline  may, 
in  fact,  be  viewed  as  aniline  in  which  1  eq.  of  hydrogen  is  re- 
placed by  1  eq.  of  NOj;  to  such  replacements  Laurent  has 
applied  the  terms  "  substitutions  nitrosees."  From  this  expression 
we  have  constructed  the  name  of  the  new  colouring  matter ;  but 
as  this  substance  presents  but  a  very  equivocal  basic  character, 
we  have  preferred  to  call  it  nitrosophenyline  rather  than  nitrosa- 
niline.  We  are  not  without  an  example  of  a  partial  reduction 
of  NO4,  somewhat  similar  to  the  present  case.  For,  in  the  forma- 
tion of  azoxybenzole  from  nitrobenzole,  we  may  imagine,  with 
Laurent,  that  the  reaction  may  be  described  in  the  following 
manner :  — 

C,,H,N0J     ^^'-IC,,H,N0,. 
2  eq.  nitrobenzole  1  eq.  azoxybenzole. 

The  following  list  presents  in  a  tabular  form  the  derivation  of 
nitrosophenyline,  and  the  composition  of  those  members  of  the 
benzole  series  which  are  related  to  it :  — 

L  Benzole  Ci^H^,  H. 

2.  Nitrobenzole         CigH.,  NO4. 

3.  Dinitrobenzole      C,^;^  ,  NO,  +  8H  =  C,2^  ,  NH^  f  6H0. 

B    3 
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4.  Nitraniliiie  ^12^  »  ^^H2  +  2H  =  Ci2j^  ,  NH2  +  2HO. 

TJ 

5.  Nitrosophenyline  CjgTSTrt  >  NHj. 

It  is  perhaps  worthy  of  remark  that  nltrosophenyline  presents 
considerable  resemblance  to  the  red  indigo  of  Berzelius. 

II.  As  we  have  said  before,  not  only  the  homologues  but  the 
analogues  of  dinitrobenzole  produce  remarkable  colouring  matters 
when  acted  upon  by  nascent  hydrogen.  In  order  to  ascertain  the 
true  nature  of  the  new  bodies  thus  produced,  we  have  submitted 
to  a  detailed  inquiry  a  beautiful  red  substance  obtained  by  reduc- 
ing r/zwzVro-naphthaline  with  hydrogen.  But  a  colouring  matter 
perfectly  identical  may  be  procured  by  acting  upon  naphthalamine 
watli  nitrous  acid,  or  upon  the  hydrochlorate  of  naphthalamine  with 
nitrite  of  potash.  By  this  last  method  we  have  obtained  it  in 
considerable  quantities.  This  new  substance  resembles  nitroso- 
phenyline  in  its  properties,  and  is  perfectly  analogous  with  it 
in  composition,  as  we  shall  shortly  show.      AYe  have  termed  it 

NITROSONAPHTHYLINE. 

Properties  of  Nitrosonaphthyline. — AVhen  nitrite  of  potash  is 
added  to  hydrochlorate  of  naphthalamine,  nitrosonaphthyline  is 
precipitated,  nearly  pure.  It  then  merely  requires  washing  with 
water,  drying,  and  exhaustion  with  boiling  spirits  of  wine.  From 
this  alcoholic  solution,  by  slow  evaporation  in  the  water -bath,  the 
colouring  matter  is  gradually  precipitated  in  minute  crystals,  very 
dark  in  colour,  and  having  a  green  metallic  lustre,  similar  to  that 
of  murexide.  It  imparts  to  alcohol  a  rich  red  tint,  which  is 
changed  to  a  magnificent  violet  by  acids,  and  restored  to  its  original 
colour  by  alkalies.  "\Yater  precipitates  it  from  its  alcoholic  solu- 
tion of  a  scarlet  colour.  Cotton,  linen,  paper,  &c.,  may  be  per- 
manently dyed  of  an  orange  tint  by  immersion  in  the  alcoholic 
solution  of  nitrosonaphthyline.  Materials  so  dyed,  if  plunged  in 
acids,  become  of  an  intense  purple  hue,  but  in  a  stream  of  water 
the  original  orange  tint  speedily  returns.  Nitrosonaphthyline  is 
insoluble  in  water.  It  may  be  fused  without  decomposition. 
Heated  strongly,  a  portion  sublimes  unchanged ;  white  fumes  are 
afterwards  given  off,  and  a  residue  of  carbon  remains.  Nitroso- 
naphthyline is  not  dissolved  by  dilute  acids;  strong  nitric  acid 
destroys  it,  but  it  is  soluble  in  Nordhausen  sulphuric  acid,  with  a 
bluish-purple    colour.       Alkalies    do    not  change    the    coloiu*    of 
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nltrosonaphthyllne :    but   by   the    prolonged    action    of    nascent 
hydrogen  it  is  destroyed. 

Composition  of  Nitrosonaphthyline. —  The  determinations  of  car- 
bon, hydrogen,  and  nitrogen  in  this  substance  were  made  with 
the  usual  precautions,  and  gave  the  following  numbers :  — 

I.  0*301    grm.  of  substance  gave 
0*77  „     „  carbonic  acid,  and 

0*13         „      „  water. 

II.  0*3205     „     „  substance  burnt  with  soda-lime,  gave 
0*37         „     „  platinum. 

These  numbers  correspond  in  100  parts  to 


Carbon 

Hydrogen 

Nitroscen 


69-76 
4-80 


—         16-39 


These  percentages  lead  to  the  formula 

CsoHgNjOg, 
as  may  be  seen  by  the  following  table :  — 


Theory. 


20  equiv.  of  carbon 

8  „  ,5 

2  M  jj 

^  n  «%  . 


nitrosonaphthyl 


ne 


120 
8 

28 
16 

172 


69-77 
4-65 

16-28 
9-30 


Experiment. 

69-76 

4-80 

16-39 


100-00 


Nitrosonaphthyline  is  quite  analogous  to  nitrosophenyllne :  if 
the  former  be  aniline  in  which  1  equiv.  of  hydrogen  has  been  re- 
placed by  NOo,  the  latter  is  naphthalamine,  in  which  a  similar 
substitution  has  taken  place.  The  following  equations  sufficiently 
explain  the  various  methods  for  the  formation  of  nitrosonaph- 
thyline :  — 

I.  C,o^]^S  NO,  +  8H  =  C,o^^^,  NH,  +  6H0 
11.  Ca^H^,  NH2  +  N03  =  C2o;^^  ,  NH2  +  HO. 
III.  C2oH-,NH2,  HCl  +  KN04  =  C2oj^  ,  NH2  +  KCI  +  2HO. 


A  fourth  method,  which  might  be  successful,  suggests  itself. 
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viz.  the  action  of  nascent  hydrogen  upon  nitronaphthalamlne. 
The  reaction  of  aniline  and  NO3  produces  carbolic  acid  CjatlgOa, 
and  not  iiitrosophenyUne. 

Kitrosonaphthyline  dissolved  in  alcohol  appears  gradually  to 
suffer  partial  decomposition.  In  the  altered  substance  thus  pro- 
ducedj  the  carbon  amounts  to  75  per  cent. 

The  results  of  the  present  inquiry  indicate  the  existence  of  an 
almost  entirely  new  type  of  substitution-products, — bodies,  too, 
remarkable  alike  for  their  physical  properties  and  their  chemical 
relations. 


II.  — Action  of  Chloride  of  Cyanogen  on  Naphthalamine. 

By  "William  H.  Perkin. 

MM.  C  AH  OURS  and  Cloez,  in  their  investigations  on  naph- 
thalamine, observed  that  it  combined  with  chloride  of  cyanogen, 
forming  the  hydrochlorate  of  a  new  base.  They,  however,  did 
not  investigate  this  subject  any  further;  and  as  it  was  interest- 
ing to  know  whether  compounds  similar  to  those  obtained  from 
melaniline  might  be  produced,  I  undertook,  at  the  request  of  Dr. 
Hofmann,  to  examine  this  reaction  more  minutely. 

Preparation  of  Naphthalamine.  —  The  preparation  of  naphtha- 
lamine is  effected  by  distilling  nitronaphthaline  with  iron  and  acetic 
acid,  according  to  the  process  of  Zinin,  modijfied  by  Bechamp. 

This  process  yields  the  base  in  considerable  quantity,  but  in  an 
impure  condition.  To  purify  this,  it  must  be  dissolved  in  hydro- 
chloric acid  and  water,  and  filtered  from  all  insoluble  impurities ; 
the  filtrate  is  then  evaporated  to  dryness,  and  distilled  with  lime, 
when  the  base  comes  over  nearly  pure  and  perfectly  anhydrous. 

Preparation  of  Menaphthalamine.  —  In  subjecting  naphthala- 
mine to  the  action  of  chloride  of  cyanogen,  I  adopted  the  same 
arrangement  that  Dr.  Hofmann  had  used  in  the  prepai'ation  of 
melaniline  ;  namely,  a  series  of  tubes  filled  with  the  alkaloid  through 
which  the  chloride  of  cyanogen  was  drawn  by  means  of  an 
aspirator.  However,  in  this  case  it  is  necessary  to  support  the 
action  from  the  commencement  by  the  application  of  heat,  naphtha- 
lamine being  a  solid  substance. 

When  the  gas  is  passed  into  the  fused  anhydrous  naphthalamine, 
chemical  action  i^  at  once  rendered  perceptible  by  a  rapid  eleva- 
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tion  of  the  temperature,  and  the  gradual  thickening  of  the  liquid, 
which  prevents  the  gas  from  passing  freely.  To  complete  the  re- 
action, heat  must  be  carefully  applied  sufficient  to  keep  the  com- 
pound in  a  state  of  fusion. 

On  cooling,  the  naphthalamine  is  found  converted  into  a  black 
resinous  mass,  which  consists  principally  of  the  hydrochlorate  of  a 
base,  which  I  propose  to  call  menaphthalamine. 

On  boiling  this  mass  in  a  large  quantity  of  water,  it  almost 
entirely  dissolves.  On  adding  potassa  or  ammonia  to  the  filtered 
liquid,  a  white  precipitate  is  produced,  which  is  freed  from 
cliloride  of  potassium,  or  ammonium,  by  washing  with  water, 
and  recrystallised  once  or  twice  from  alcohol,  from  which  it  is 
deposited  in  small  white  needles. 

This  base,  when  dried  at  100°  C.  and  burnt  with  protoxide  of 
copper,  gave  the  following  numbers:  — 

I.  0*249    grm.  of  menaphthalamine  gave 
0*7 385      „          carbonic  acid, 
0-1275      „         water. 

II.  0*2840      „         menaphthalamine  gave 
0-8425      „         carbonic  acid, 
0-1410      „         water. 

These  numbers  lead  to  the  following  percentage  composi- 
tion : — 

L  n. 

Carbon  .         .     80-88  80*90 

Hydrogen       .         .5-40  5*50 

Two  analyses  of  the  platinum-salt  gave  a  mean  of  19*065  per 
cent,  of  platinum. 

Equivalent  deduced  from  the  platinum-salt  =   311*24 
Theoretical  equivalent     .  .         .         .   =   311*00 

These  results  lead  to  the  formula 

C42  Hj-  N3, 
which  require  the  following  values: — 


42  equiv.  of  carbon . 
17  equiv.  of  hydrogen 
3  equiv.  of  nitrogen 


Theory 
252-0 

81-0 

Mean  of 
experiments 

80-89 

17-0 

5-4 

5-45 

42-0 

13-6 

311-0  100-0 
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This  shows  that  the  formation  of  menaphthalamine  is  perfectly 
analogous  to  that  of  melaniline  and  metoluidine,  2  equiv.  of 
nai)hthalamine  and  1  equiv.  of  chloride  of  cyanogen  yielding 
1  equiv.  of  the  hydrochlorate  of  menaphthalamine. 

2C20H9N      +      C2NCI      =     C42H,,N3,HC1 

Naphthalamine,  Chloride  of  Hydi'ochlorate  of 

cyanogen.  menaphthalamine. 

Properties  of  Menaphthalamine.  —  This  base,  when  pure,  crys- 
tallises in  small  white  needles,  which  are  not  coloured  by  exposure 
to  the  atmosphere. 

Menaphthalamine  is  odourless ;  it  has  a  bitter  taste ;  fuses  at 
about  200°  C.  into  a  transparent  slightly  yellowish  oil.  If  the  tem- 
perature be  raised  above  260°  C,  decomposition  ensues,  pure 
naphthalamine  distils  over,  and  a  brown  mass  remains  in  the  retort. 
In  the  case  of  melaniline,  the  residue  had  the  formula  C54  H25  N^, 
which  may  be  regarded  as  a  compound  of  aniline-mellone  with 
3  equiv.  of  aniline. 

C,,H,3N,        =C,H,N,  +  3C,,H,N. 

It  is  probable  that  the  menaphthalamine  residue  has  an  analo- 
gous composition. 

Menaphthalamine  is  almost  insoluble  in  water,  and  only 
moderately  soluble  in  alcohol  and  ether.  It  changes  the  colour  of 
red  litmus-paper.     Chromic  acid  acts  but  slowly  upon  it. 

COMBINATIONS   OP   MENAPHTHALAMINE. 

This  base  forms  salts  with  all  acids,  many  of  which  are 
amorphous  or  very  slightly  crystalline.  They  are  all  sparingly 
soluble  in  water. 

The  salts  have  no  action  on  litmus-paper.  They  are  pre- 
cipitated by  acids  and  saline  solutions  ;  potassa  and  ammonia  de- 
compose them,  the  base  being  separated  in  the  form  of  a  pure 
white  powder. 

Hydrochlorate  of  Menaphthalamine,  —  This  salt  is  a  white 
amorphous  compound,  which  becomes  slightly  red  when  exposed 
to  air  and  moisture.  It  is  moderately  soluble  in  water,  and.  very 
soluble  in  alcohol  and  ether:  when  heated,  it  is  decomposed, 
hydrochlorate  of  naphthalamine  subliming,  and  leaving  a  black 
residue  in  the  retort. 
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A   determination   of    hydrocliloric    acid    gave    the    following 
result :  — 

0*4-122  grm.  of  hydrochlorate  gave 
0*682         „        chloride  of  silver,  corresponding  to 
10*44  per  cent,  of  hydrochloric  acid. 

This  number  leads  to  the  formula 

C42  Hi7  Ng,  H  CI, 

which  requires  the  following  values  :  — 

Theory.  Experiment. 

1  equivalent  of  menaphthalamine  =   311*0       89*6  — 

1  equivalent  of  hydrochloric  acid  =      36*5       10*4  10*44 


347*5      100-0 

Sulphate.  —  This  salt  is  best  obtained  by  neutralising  sulphuric 
acid  with  menaphthalamine.  It  is  a  white,  perfectly  amorphous 
salt,  moderately  soluble  in  alcohol  and  ether,  which  on  evapora- 
tion deposit  it  in  the  form  of  a  white  powder. 

Nitrate.  —  This  salt,  which  is  the  finest  of  all  the  menaphthala- 
mine salts,  may  be  prepared  by  adding  menaphthalamine  to  very 
dilute  boiling  nitric  acid.  This  solution,  on  standing,  deposits  the 
nitrate  in  small  white  prisms,  nearly  insoluble  in  cold  water,  but 
very  soluble  in  alcohol  and  ether. 

Phosphate.  —  It  is  a  white  crystalline  salt,  very  soluble  in 
alcohol  and  ether. 

Binoxalate.  —  This  salt  is  best  obtained  by  boiling  menaphtha- 
lamine with  an  excess  of  oxalic  acid.  From  this  solution  the  salt 
crystallises  in  small  tufts  of  white  needles,  which  are  not  easily 
soluble  in  water,  but  moderately  soluble  in  alcohol  and  ether. 

Hydrohr ornate  and  Hydriodate.  —  These  salts  are  crystalline, 
and  very  soluble  in  alcohol. 

Ilydrochloroplatinate.  —  This  compound  is  best  prepared  by 
adding  an  alcoholic  solution  of  bichloride  of  platinum  to  a  warm 
alcoholic  solution  of  the  hydrochlorate  of  menaphthalamine ;  from 
this  solution,  small  yellow  crystalline  scales  are  deposited.  If, 
however,  the  aqueous  solutions  are  employed,  it  is  immediately 
precipitated  as  an  amorphous  powder,  which  is  almost  white,  but 
soon  becomes  slightly  green. 


12  MR.  W.  H.  PERKIN    ON    THE    ACTION    OF 

Two  determinations  of  the  platinum  gave  the  following  num- 
bers :  — 

T.  0-229      grm.  of  the  salt  gave 
0"0435         „        „       platinum. 

II.  0-19975       „        „       salt  gave 
0-03775       „       „       platinum. 

Theory.  Experiment. 

I.  II. 

Percentaoe  of  platinum  in  the  )     ,„^„      ,^^.      .^^^ 
1  ,.    *        it  19  08     19-04      19-09 

platnium-sait      .  .  .   ) 

Terchloride  of  gold  gives  with  menaphthalamine-salts  a  blue 
precipitate. 

METAMORPHOSES    OF    MENAPHTHALAMINE. 

Menaphthalamine,  when  exposed  to  the  action  of  various  agents, 
undergoes  a  variety  of  transformations,  many  of  which  I  have  not 
been  able  to  study. 

Action  of  Sulphuric  Acid.  —  When  Xordhausen  sulphuric  acid 
is  brought  in  contact  with  menaphthalamine,  it  becomes  pasty, 
owing  to  the  formation  of  the  sulphate ;  but  if  a  gentle  heat  be 
applied  it  becomes  perfectly  liquid.  This  liquid,  on  being  diluted 
with  water  and  treated  with  carbonate  of  lead,  produces  a  soluble 
lead-salt,  of  a  new  acid,  which  decomposes  partially  every  time  it 
is  evaporated. 

On  passing  sulphuretted  hydrogen  through  a  solution  of  the 
lead-salt,  a  colourless  solution  is  obtained  (with  precipitation  of  the 
lead  as  sulphide).  When  this  liquid  is  evaporated,  the  new  acid 
is  decomposed  into  a  soluble  alkaline  body,  and  an  insoluble 
neutral  one. 

Action  of  Fuming  Nitric  Acid.  —  This  acid  acts  violently  on 
menaphthalamine,  producing  a  variety  of  substitution-products. 

Chlorine,  bromine,  and  iodine  seem  to  produce  neutral  com- 
pounds. 

Action  of  Cyanogen.  —  If  cyanogen  is  passed  through  an  alcoholic 
or  ethereal  solution  of  menaphthalamine,  it  becomes  first  yellow, 
and  then  red,  nothing  being  deposited  on  standing  ;  but  if  the  base 
is  made  into  a  thin  paste  with  ether,  and  cyanogen  passed  through 
it,  it  all  dissolves ;  and,  on  standing,  the  solution  deposits  a  slightly 
crystalline  body  of  a  light  buff  colour,  which  may  be  purified  by 
washing  with  ether. 


The 

ory. 

Experiment. 

^ ■! 

^^—a-"^ 

276 

76-00 

76-00 

17 

4-69 

4-71 

70 

19-31 

— 
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A  combustion  of  a  specimen  dried  at  100°  C.  gave  the  following 
results :  — 

0*274     grm.  of  the  substance  gave 
0*764  „      carbonic  acid,  and 

0-1292         „      water, 

which  gives  the  following  percentage  composition  :  — 

Carbon         .  .  .  .76-00 

Hydrogen    .         .         .         .4-71 

This  may  be  translated  into  the  formula 

^46  Hi7  Ng, 
as  may  be  seen  by  the  following  table :  — 


46  equiv.  of  carbon     . 

17  „         hydrogen 

5  „          nitrogen 

363  100-00 

This  compound,  therefore,  like  dicyanomelaniline,  is  formed  by 
the  combination  of  two  equivalents  of  cyanogen  with  one  of 
menaphthalamine. 

Menaphthalamine.  Cyanogen.  New  compound. 

DiCTMENAPHTHALAMiNE  (wliich  name  I  propose  for  this  com- 
pound) is  a  slightly  buff-coloured  body,  which  crystallises  with 
difficulty  ;  it  is  moderately  soluble  in  alcohol  and  ether,  but  inso- 
luble in  water. 

It  is  a  base,  though  a  very  unstable  one  ;  it  dissolves  readily  in 
dilute  acids,  and  may  be  reprecipitated  by  ammonia  if  added 
directly  after  solution  ;  but,  like  cyaniline  and  dicyanomelaniline, 
this  base  cannot  remain  in  acid  solutions  without  undero;oinor  com- 
plete  decomposition.  If  this  base  be  dissolved  in  hydrochloric 
acid,  and  the  solution  allowed  to  stand  for  a  few  moments,  it  be- 
comes cloudy,  and  a  yellow  substance  begins  to  appear,  which  is 
not  the  hydrocldorate  of  dicymenaphthalamine. 

The  best  process  for  the  preparation  of  this  new  compound 
consists  in  adding  dilute  hydrochloric  acid  to  a  warm  alcoholic 
solution  of  dicymenaphthalamine.      On  standing,  it  is  deposited  in 
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small  scales  of  a  yellow  colour.      The  mother-liquors  from  the 
preparation  of  this  compound  always  contained  ammonia. 

The  analysis  of  this  compound  dried  at  100°  C.  gave  the  follow- 
ing results :  — 

0-212  crrm.  of  substance  save 
0-590          „      carbonic  acid,  and 
0-080         „      water. 

These  numbers  lead  to  the  following  percentage  composition :  — 

Carbon  .  .  .  .      =      75'6 

Hj'^drogen       .  ;  .      =        4-2 

which  may  be  translated  into  the  formula 

C,eH,,N3  0„ 

as  is  evident  from  the  following  comparison  of  the  theoretical  with 
the  experimental  values  : — 


The 

ory. 

Experiment 

46  equiv.  of  carbon    . 

.     276-0 

75-66 

75-6 

15          „         hydrogen 

15-0 

4-10 

4-2 

3          „         nitrogen 

.       42-0 

11-50 

— 

4         „         oxygen  . 

.        32-0 

8-74 

— 

365-0         100-00 

This  substance,  which  I  propose  to  call  menaphthoximide, 
is  perfectly  analogous  in  its  properties  to  melanoximide. 

Its  formation  is,  as  illustrated  by  the  following  equation, — 

C^.Hj.N^    +    4HO  +  2HCl=C,eH,5N3  0,    +    2NH,C1. 

Dicymenaphthalamine.  Menaphthoximide. 

This  substance  is  insoluble  in  water,  and  very  slightly  in  alcohol 
and  ether,  from  which  it  may  be  crystallised,  but  with  difficulty. 

Menaphthoximide  may  be  regarded  as  binoxalate  of  menaphtha- 
lamine  minus  4  equivalents  of  water, — a  view  which  is  supported 
by  experiment.  On  addition  of  potassa  to  this  compound,  menaph- 
thalamine  is  reproduced,  and  the  mother-liquor  is  found  to  contain 
oxalic  acid. 

The  action  of  acids  upon  menaphthoximide  is  precisely  the  same 
as  in  the  case  of  melanoximide ;  namely,  it  is  converted  into  oxalic 
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acid,  menaphthalamlne,  and  a  white  neutral  body,  to  which  I 
intend  to  return  at  some  future  period. 

Action  of  Heat  on  Menaphthoximide. — When  menaphthoximide 
is  heated  to  245°  C,  it  fuses;  if  the  temperature  be  raised  to 
260°  C,  it  decomposes,  with  evolution  of  a  white  vapour,  having 
a  most  peculiar  and  powerful  odour.  I  believe  that  this  reaction 
is  analogous  to  that  which  melanoximide  undergoes  when  sub- 
mitted to  the  influence  of  heat,  and  that  the  substance  produced 
corresponds  to  Dr.  Hofmann's  anilocyanic  acid, — in  fact,  that 
it  is  the  naphthalamine  term  corresponding  to  cyanic  acid,  or 
naphthalocyanic  acid;  but  I  have  not  been  able  to  obtain  this 
compound  in  sufficient  quantity  to  establish  this  supposition  by 
experiment.  I  hope,  however,  to  return  to  the  examination  of 
this  most  interesting  subject  as  soon  as  possible. 

In  conclusion,  I  have  to  thank  Dr.  Hofmann  for  the  advice 
and  assistance  he  has  afforded  me  during  the  prosecution  of  this 
investigation. 


III. — Note  on  the  Solubility  of  Sulphate  of  Baryta  in  Hydrochloric 

Acid. 

By  Henry  M.  No  ad,  Ph.D. 

LECTURER    ON    CHEMISTRY    AT    ST.  GEORGE's    HOSPITAL. 

In  the  Proceedings  of  the  Royal  Society,  vol.  viii.  p.  532,  there 
is  an  abstract  of  a  paper  "  On  Chemical  Affinity,  and  the  Solu- 
bility of  Sulphate  of  Baryta  in  Acid  Liquors,"  by  Mr.  F.  Grace 
Calvert.  The  author  says  that  "  the  insolubility  of  this  salt 
is  affected  even  by  the  weakest  nitric  or  hydrochloric  acids," 
and  that  "  in  future  the  practice  of  rendering  liquors  acid  with 
either  of  these  acids  must  be  discontinued  when  sulphates  are  to 
be  determined."  In  the  abstract  of  Mr.  Calvert's  memoir,  as  it 
appears  in  the  "  Proceedings,"  the  only  experiments  quoted  relate 
to  the  solubility  of  sulphate  of  baryta  in  nitric  acid ;  whether  he 
extended  his  researches  to  hydrochloric  acid,  it  is  not  stated ;  it  is 
to  be  concluded  that  he  did  so,  since,  in  a  practical  point  of  view, 
it  is  of  far  greater  consequence  to  establish  the  fact,  and  the 
degree  of  the  solubility  of  this  sulphate  in  the  latter  acid  than  in 
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the  former,  the  great  majority  of  sulphur  and  of  sulphuric  acid 
determinations  in  mineral  analyses  being  made  in  liquids  contain- 
ing excess  of  hydrochloric  acid. 

That  sulphate  of  baryta  is  soluble  to  some  extent  in  nitric  acid, 
or  at  any  rate  that  sulphuric  acid  may  exist  in  nitric  acid,  both 
strong  and  dilute,  and  still  no  precipitate  or  even  cloudiness  be 
produced  by  the  addition  of  a  barytic  salt,  has,  I  believe,  been 
known  for  some  time  to  many  chemists.  Speaking  for  myself,  I 
have  certainly  been  aware  of  the  fact  for  upwards  of  two  years. 
I  do  not  claim  it  as  a  discovery  of  my  own,  though  I  am  quite 
unable  to  say  from  whom  I  derived  my  information.  I  have 
reason  to  believe,  however,  that  the  discovery  originated  with 
Mr.  Nicholson,  though  the  first  public  announcement  of  it  is 
probably  in  Mr.  Calvert's  paper. 

It  is  easy  to  prove  that  almost  all  the  fuming  nitric  acid  of 
commerce  contains  sulphuric  acid,  though  it  may  retain  a  perfect 
transparency,  when  largely  diluted  with  water,  and  treated  with 
a  barytic  salt.  All  that  is  necessary  is  to  evaporate  an  ounce  or  so 
of  the  acid,  in  a  platinum  capsule,  down  to  about  a  drachm,  then 
add  Avater  and  nitrate  or  chloride  of  barium,  upon  which  a  greater 
or  less  turbidity  will  ensue.  That  very  grave  errors  have  been 
committed  in  sulphur  determinations  in  organic  compounds,  in 
consequence  of  a  want  of  the  knowledge  of  this  important  fact, 
cannot  be  doubted,  fuming  nitric  acid  having  been  very  generally 
employed  as  the  oxidising  agent  to  convert  the  sulphur  into  sul- 
phuric acid :  thousands  of  mineral  analyses  must,  for  the  same 
reason,  be  considered  erroneous  as  regards  the  determination  of 
this  particular  element;  and  I  consider  myself  fortunate  that  I 
was  made  aware  of  the  almost  invariable  impurity  of  nitric  acid, 
previous  to  the  commencement  of  my  own  iron  and  cinder  ana- 
lyses, and  thus  have  been  enabled  to  guard  against  it.  It  is  quite 
otherwise,  however,  as  regards  hydrochloric  acid ;  and  I  must 
certainly  confess  that  I  read  the  abstract  of  Mr.  Calvert's  paper 
with  considerable  discomfort ;  for  if  his  statement  be  true,  then  my 
own,  and  many  thousand  other  sulphur  determinations,  have  been 
made  in  vain,  since  in  separating  sulphur  from  phosphorus  in 
crude  iron  and  forge  cinders  I  have  almost  invariably  done  so  in 
an  acid  solution,  and  that  acid  has  been  hydrochloric.  Being  thus 
so  immediately  interested,  and  in  the  absence  of  all  experiraental 
evidence  in  the  abstract  of  Mr.  Calvert's  paper,  it  was  natural 
that  I  should  forthwith  commence  a  series  of  experiments  to  satisfy 
myself  as    to    the  justice   or  injustice  of   Mr,  Calvert's  con- 
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elusions;  it  being  sufficiently  evident  that  if  the  insolubility  of 
sulphate  of  baryta  is  affected  by  the  weakest  hydrochloric  acid, 
the  usual  course  of  mineral  analyses  must  be  somewhat  modified. 
The  results  of  my  experiments  I  beg  briefly  to  lay  before  the 
Society ;  they  have  proved  the  groundlessness  of  my  fears,  and 
may  have  the  effect  of  relieving  the  minds  of  some  other  prac- 
tical chemists  as  they  have  relieved  mine.  They  show  that  though, 
under  certain  circumstances,  the  insolubility  of  sulphate  of  baryta 
is  affected  by  weak  hydrochloric  acid,  yet  that  the  error  likely  to 
be  thereby  introduced  into  analysis  is  either  altogether  nil,  or  so 
exceedingly  small  as  to  be  in  most  cases  unworthy  of  considera- 
tion. 

FIRST    SERIES   OP   EXPERIMENTS. 

Twelve  liquors  were  prepared  of  uniform  bulk,  —  the  first  con- 
sisted of  1000  grain  measures  of  distilled  water;  the  second  of 
900  grains  of  water +100  grain  measures  of  hydrochloric  acid, 
sp.  gr.  1153  ;  the  third  of  800  grains  of  water  +  200  grain  mea- 
sures of  the  same  acid ;  the  fourth  of  700  grains  water  +  300  grain 
measures  of  acid;  the  fifth  of  600  grains  water +  400  grain  mea- 
sures of  acid ;  the  sixth  of  500  grains  water  +  500  grain  measures 
of  acid ;  the  seventh  of  400  water  +  600  acid  ;  the  eighth  of  300 
water  +  700  acid  ;  the  ninth  of  200  water  +  800  acid  ;  the  tenth 
of  100  water +  900  acid;  the  eleventh  of  1000  grain-measures  of 
the  acid  without  any  water :  5  grains  of  neutral  and  thoroughly 
dried  sulphate  of  potash  were  dissolved  in  each  of  these  liquors ; 
and,  while  boiling,  solutions  of  10  grains  of  nitrate  of  baryta  in 
300  grains  of  water  were  poured  into  each ;  they  were  allowed  to 
remain  at  rest  for  twenty-four  hours,  then  filtered,  and  the  sul- 
phate of  baryta  washed,  dried,  ignited,  and  weighed.  In  the 
twelfth  experiment,  the  5  grains  of  sulphate  of  potash  were  dis- 
solved in  500  grain  measures  of  hydrochloric  acid,  and  the  10 
grains  of  nitrate  of  baryta  were  boiled  for  some  time  with  another 
500  grain  measures  of  the  acid  ;  little,  if  any,  of  the  salt  was  dis- 
solved, but  abundance  of  chlorine  was  disengaged,  and  the  liquor 
became  dark  yellow  from  the  absorption  of  nitrous  vapour.  The 
acid  liquor  was  decanted  and  added  to  the  acid  solution  of  the 
potash  salt,  sufficient  boiling  water  was  then  added  to  dissolve 
tiie  baryta-salt,  and  the  liquors  were  then  mixed,  boiled,  and  the 
sidphate  of  baryta  allowed  to  subside.  The  quantities  of  barytic 
sulphate  obtained  in  the  twelve  experiments  are  given  in  the 
following  table.     The  quantity  of  nitrate  of  baryta  required  theo- 
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retically  to  precipitate  5  grains  of  sulphate  of  potash  is  7  '5  grains, 
and  the  quantity  of  sulphate  of  baryta  produced  should  be  6*70 
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900 
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do. 
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6-70 

3. 

800 

200 

do. 

do. 

6-71 

4. 

700 

300 

do. 

do. 

6-72 

5. 

600 

400 

do. 

do. 

6-69 

6. 

500 

500 

do. 

do. 

6-71 

7. 

400 

600 

do. 

do. 

6-78 

8. 

300 

700 

do. 

do. 

6-77 

9. 

200 

800 

do. 

do. 

6-76 

10. 

100 

900 

do. 

do. 

6'78 

11. 

0 

1000 

do. 

do. 

6-78 

12. 

500 

do. 

do. 

6-78 

It  is  seen  that  so  far  from  there  being  a  loss  of  sulphate  of 
baiyta,  there  is  in  the  last  six  experiments  a  small  apparent 
excess ;  this  doubtless  arose  from  a  small  portion  of  undecomposed 
nitrate  having  been  can-ied  down  mechanically  in  the  strongly 
acid  liquor  with  the  sulphate,  from  which  it  was  not  subsequently 
thorouo-lily  removed  by  washing.  It  is  well  known  that  nitrate 
of  baryta  does  adhere  most  pertinaciously  to  the  sulphate  when 
thus  carried  down,  and  requires  long-continued  washing  to  detach 
it ;  it  is  also  well  known  that  nitrate  of  baryta  is  very  sparingly 
soluble  in  highly  acid  liquids.  The  precipitates  were  in  all  cases 
washed  with  the  same  quantity  of  boiling  water,  and  the  experi- 
ments show  clearly,  I  think,  that  in  this  particular  bulk  of  liquid, 

viz.  about  1000  grains  measure, — the  precipitation  of  sulphuric 

acid  is  complete  in  whatever  proportion  hydrochloric  acid  exists, — 
whether  it  forms  the  entire  volume  of  the  liquid,  or  whether  it  is 
absent  altogether. 


n. 

m. 

5-72 

.      5-90 

5  "81  o-rs. 
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But  Mr.  Calvert  says,  "The  solubility  of  sulphate  of  baryta 
is  affected  in  a  higher  degree  by  the  bulk  of  the  acid  than  by  its 
strength,"  and  the  table  that  he  gives  for  nitric  acid  fully  proves 
this  to  be  the  case.  It  became  necessary  to  examine  this  position 
in  relation  to  hydrochloric  acid. 

SECOND   SERIES    OF    EXPERIMENTS. 

5  grains  of  sulphate  of  potash  were  dissolved  in  9000  grains  of 
distilled  water +1000  grains  of  hydrochloric  acid,  sp.  gr.  1153, 
and  precipitated  as  before,  while  boiling,  with  a  solution  of 
10  grains  of  nitrate  of  baryta.  Three  precisely  similar  experi- 
ments were  made,  and  the  following  quantities  of  sulphate  of 
baryta  were  obtained :  — 

I. 
5-81      . 

Mean  ^ 

Here,  then,  there  is  a  distinct  loss  of  "89  gr.  of  sulphate  of 
baryta,  but  does  this  arise  from  a  solution  of  the  salt  in  the  acid 
liquor,  or  is  it  the  result  of  dilution  ?  To  determine  this  point, 
the  same  quantities  of  sulphate  of  potash  were  dissolved  in  the 
same  bulks  of  acid  and  water,  but  double  the  quantity,  viz. 
20  grains  of  the  precipitant,  were  employed :  the  proportions  of 
sulphate  of  baryta  now  obtained  in  three  experiments  were  — 

I.  II.  rn. 

652      .  .      6-51      .  .      6-50 

Mean     .  .6*51  grs.  Loss     .  .  -19  gr. 

Three  other  solutions  were  then  made  and  precipitated  by  30  grs. 
of  nitrate  of  baryta.  The  quantities  of  sulphate  of  baryta 
obtained  were  — 

I.  II.  III. 

6-71      .  .      6-69      .  .      6-71 

the  exact  theoretical  quantity.  I  must  observe,  that  in  these  last 
six  experiments  the  washings  were  continued  for  some  hours,  in 
order  to  avoid  any  possible  error  arising  from  the  adhering  of  a 
portion  of  the  precipitant  to  the  precipitated  salt. 

By  the  side  of  these  last  experiments  I  placed  two  others.  In 
one  of  which  the  5  grains  of  sulphate  of  potash  were  dissolved  in 
10,000  grains   of  boiling  distilled  water,   and  in   the   other   in 
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20,000  grains,  no  acid  being  added  in  either  case :  the  quantities 
of  sulphate  of  baryta  obtained  were  — ■ 

I.  II. 

6-73  grs.         .  .  .6-72  grs. 

Lastly,  the  following  experiment  was  made :  — 

5  grains  of  sulphate  of  potash  were  dissolved  in  a  small  quan- 
tity of  water,  and  precipitated  by  10  grains  of  nitrate  of  baryta; 
10,000  grain  measures  of  a  mixture  of  9  parts  water  and  1  part 
hydrochloric  acid  were  then  added,  and  the  whole  was  boiled  for 
20  minutes ;  after  24  hours  the  resulting  sulphate  of  baryta  was 
weighed.  Two  precisely  simila  rexperiments  were  made,  with  the 
following  results :  — 

I.  n. 

4*4  grs.  .  .  .  4*5  grs. 

Here,  then,  was  a  loss  of  23  grains  of  sulphate  of  baryta,  one- 
third  of  the  entire  quantity  that  should  have  been  obtained.  The 
solubility  of  sulphate  of  baryta  in  a  large  bulk  of  dilute  hydro- 
chloric acid  is  proved  conclusively  by  this  experiment,  but  in  a 
practical  point  of  view  it  is  not  a  matter  of  any  importance ;  since, 
in  the  first  place,  it  is  not  usual  to  attempt  precipitations  in  such 
bulky  liquids,  but  always  to  concentrate  as  far  as  possible ;  and, 
in  the  second  place,  it  is  always  the  practice  to  add  considerable 
excess  of  the  precipitant,  which,  as  has  been  shown  above,  coun- 
teracts the  tendency  of  the  barytic  sulphate  to  dissolve  in  the 
acid  liquor.  On  the  whole,  tlien,  I  think  that  we  may,  without 
fear,  continue  to  make  our  sulphur  determinations  in  strong  hydro- 
chloric acid  liquors,  and  that  the  only  thing  that  the  analyst  has 
to  guard  against  is  the  possible  existence  of  sulphuric  acid  in  the 
nitric  acid  he  may  employ  as  his  oxidising  agent. 

While  on  the  subject  of  sulphur  determinations,  I  may  allude  to 
a  method  I  have  lately  adopted  for  estimating  the  amount  of  this 
element  in  crude  iron,  which,  with  certain  precautions,  gives  very 
accurate  results,  and  which  possesses  the  great  advantage  of 
enabling  the  operator  to  woi'k  upon  much  larger  quantities  of 
material  than  in  any  of  the  usual  methods.  The  pounded  iron  is 
digested  in  a  flask  with  dilute  hydrochloric  acid,  and  the  gases 
evolved  passed  through  three  Wolfe's  bottles,  each  containing  a 
solution  of  arsenious  acid  ;  the  whole  of  the  sulphur  of  the  metal 
passes  over  as  sulphuretted  hydrogen,  and  is  estimated  as  As  S3.  I 
have  convinced  myself,  by  repeated  experiments,  that  the  zchole  of 
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the  sulphur  is  thus  obtained  in  combination  with  the  arsenic,  and 
that  the  phosphorus  which  the  crude  iron  invariably  contains, 
though  it  is  partly  liberated,  at  the  same  time,  in  the  form  of  phos- 
phuretted  hydrogen,  does  not  interfere  with  the  accuracy  of  the 
result.  In  what  form  the  phosphorus  combines  with  the  arse- 
nious  acid,  or  whether  it  combines  with  it  at  all,  I  intend  to  make 
the  subject  of  a  special  investigation  ;  at  present  but  little  is 
known  of  the  compounds  of  phosphorus  with  arsenic.  I  have, 
however,  satisfied  myself  that  no  insoluble  compound  is  formed 
under  the  circumstances  of  the  above  experiment.  The  only 
precautions  to  be  observed  are — 1st,  not  to  add  too  much  hydro- 
chloric acid  to  the  water  in  which  the  arsenious  acid  is  dis- 
solved, the  tersulphide  not  being  so  insoluble  in  hydrochloric 
acid  as  is  generally  supposed ;  nevertheless  the  solubility  of 
arsenious  acid  in  water  is  so  greatly  increased  by  the  addition  of 
a  little  hydrochloric  acid,  that  a  small  quantity  may  be  added 
with  advantage  ;  2nd.  the  evolved  gases  must  pass  through  at 
least  three  Wolfe's  bottles,  and  it  may  occasionally  be  advisable 
to  add  a  fourth ;  and,  3rdly,  the  connections  between  the  bottles 
must  be  of  sheet  and  not  of  vulcanised  India  rubber,  it  being 
almost  impossible  to  keep  the  latter  perfectly  tight  under  the 
pressure  to  which  they  are  subjected.  I  have  occasionally  em- 
ployed solutions  of  nitrate  and  acetate  of  lead  in  the  place  of 
arsenious  acid,  but  the  objection  to  these  salts  is  the  great 
difficulty  of  washing  thoroughly  the  bulky  sulphide  of  lead : 
the  results  are,  however,  when  carefully  obtained,  quite  trust- 
worthy. 


IV. —  On  the  Source  of  the  Water  of  the  deep  Wells  in  the  Chalk 

under  London. 

By  DuGALD  Campbell. 

The  source  of  the  su^oply  of  water  to  the  deep  wells  in  the  chalk 
below  London,  is  a  subject  which  has  occupied  the  attention  of 
many  persons,  and  has  been  discussed  in  several  Societies  on  more 
than  one  occasion ;  but  although  this  Society  has  recorded  in  its 
Journal  the  analysis  of  the  Avater  of  several  of  the  deep  wells,  still 
the  origin  of  the  source  of  their  supply  has  not  been  considered 
much  by  the  Society. 
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On  this  occasiou  I  purpose  to  give,  in  as  short  a  manner  as  I 
can,  some  of  the  views  which  have  hitherto  been  maintained  as  to 
the  origin  or  source  of  the  water ;  and  I  shall  endeavour  to  point 
out,  from  the  results  of  my  experiments  upon  the  water,  that  its 
true  source  has  not  yet  been  suggested. 

One  of  the  theories  most  strenuously  maintained,  and  apparently 
the  most  popular,  is  that  the  wells  under  London  are  partly  sup- 
plied from  the  infiltration  of  sea- water,  and  partly  from  the  infil- 
tration of  water  from  the  chalk  in  the  upper  strata;  and  this 
view  is  supposed  to  be  substantiated  in  a  great  measure  by  the  che- 
mical character  of  the  water. 

The  advocates  of  this  theory  say  that  in  the  Avater  of  all  the  chalk- 
wells  in  or  around  London,  which  are  below  Trinity  high  water 
mark,  the  quantity  of  solid  saline  matter  is  very  large,  whereas,  in 
the  water  of  those  wells  which  are  above  Trinity  high  water  mark, 
there  is  comparatively  a  small  quantity  of  solid  saline  matter.  What 
they  mean  by  solid  saline  matter  are  salts  of  potash  and  soda. 

They  take  the  water  of  the  Trafalgar-square  wells,  —  which,  as 
far  as  my  experience  goes,  contains  the  largest  amount  of  solid 
saline  matter  of  any  water  of  the  deep  wells,  —  as  a  type  of  the 
water  from  below  Trinity  high  water  mark,  and  the  water  from 
wells  at  Watford  in  the  upper  chalk  as  a  type  of  the  water  above 
Trinity  high  water  mark. 

They  also  say  that  the  large  amount  of  saline  matter,  together 
with  the  small  amount  of  carbonate  of  lime  or  chalk,  in  the  deep 
well-water, — just  the  opposite  of  what  is  found  in  the  shallow 
chalk  well-waters,  —  is  another  proof  of  the  strong  impregnation 
of  the  chalk-water  with  sea-water. 

They  likewise  insist,  that  this  view  is  considerably  strengthened 
by  the  fact,  that  there  is  a  gradual  increase  of  the  solid  saline 
matter  in  the  water  of  the  London  deep  wells,  which  would  not 
be  the  case  were  the  water  derived  entirely  from  the  upper  strata, 
and  had  no  supjsly  whatever  from  the  sea. 

In  order  to  show  that  the  saline  matter  in  the  deep  well-water 
is  on  the  increase,  Professor  Brande's  analysis  of  the  Trafalgar- 
square  water  is  quoted  in  comparison  with  Messrs.  Abel  and 
Rowney's  analysis.  According  to  Mr.  Brande,  in  1846  the  solid 
contents  per  gallon  were  66-1  grains,  consisting  of  59*9  grains  of 
soda  salts  and  3'1  grains  of  carbonate  of  lime,  with  2*4  grains  of 
carbonate  of  magnesia;  by  Messrs.  Abel  and  Rowney's  analysis, 
in  1849  the  sohd  contents  per  gallon  were  68-24  grains, — showing 
an  increase  on  the  whole  of  2-14  grains  of  solid  matter  per  gallon; 


THE  DEEP  WELLS  IN  THE  CHALK  UNDER  LONDON.     23 

and  "  this  increase  was  principally  due  to  salts  derivable  from  sea- 
water,  there  being  only  0'17  grain  increase  in  the  carbonate  of 
lime." 

I  may  just  mention,  that  in  Mr.  Brande's  analysis  no  volati- 
lised or  organic  matter  is  given ;  and  were  this  supplied,  I  believe 
there  would  be  little  difference  in  the  amounts  of  solid  contents 
in  the  two  analyses  ;  indeed,  were  the  organic  matter  estimated 
by  the  method  generally  employed  at  that  time,  and  still  I  believe 
retained  by  many  analysts,  it  would  amount  to  more  than  2*14 
grs., — the  excess  of  solid  contents  found  by  Messrs.  Abel  and 
Rowney  over  that  found  by  Mr.  Brande.  This  method  of 
estimating  the  organic  matter  in  water,  to  which  I  have  alluded, 
was  to  evaporate  a  portion  to  dryness,  weigh  the  residue,  and 
afterwards  heat  it  to  low  redness  till  it  ceased  to  lose  weight, 
when  the  difference  from  its  former  weight  would  be  considered 
the  organic  matter. 

In  1850,  my  attention  was  directed  to  the  Trafalgar-square 
water,  and  I  then  found  that  the  solid  contents,  including  organic 
matter,  syere  per  gallon  61*60  grains,  or  6'64  grains  per  gallon 
less  than  when  it  was  examined  by  Messrs.  Abel  and  Rowney 
in  1849. 

In  the  Society  of  Civil  Engineers,  last  July,  it  was  again  stated 
that  the  salts  were  increasing  in  the  water  of  the  Trafalgar -square 
deep  wells,  and  I  then  directed  my  attention  to  the  subject,  pro- 
cured specimens  of  the  water,  and  made  an  analysis  of  it,  when  I 
found  that  what  had  been  stated  was  not  the  case,  and  the 
saline  contents  were  less  than  when  I  examined  it  in  1850. 

Perhaps  I  may  be  allowed  a  digression  here  to  state  that,  before 
this,  I  had  analysed  the  water  from  many  of  the  deep  wells  in 
different  parts  of  London,  and  in  all  I  had  found  a  large  amount 
of  soda-salts,  and  a  small  though  weighable  quantity  of  potash-salts, 
varying  in  potash  from  0  327  grain  in  a  gallon  to  as  much  as  1*33 
grain ;  but  I  was  scarcely  prepared  to  find  the  Trafalgar-square 
water  to  have  the  same  character,  Messrs.  Abel  and  Rowney 
having  found  13*67  grains  of  sulphate  of  potash  in  a  gallon  ;* 
however,  on  procuring  a  copy  of  the  minutes  of  the  Proceedings  of 
the  Civil  Engineers,  vol.  ix.,  I  for  the  first  time  saw  Mr.  Brande's 
analysis,  and  either  he  had  not  detected  any  potash-salts  in  the 
water,  or  they  were  in  such  small  quantities  as  not  to  be  con- 
sidered by  him  worth  noticing,  for  they  are  not  given  in  the 
analysis. 

*  Chem.  Soc.  Qu.  J.  i.  97,  ct  seq. 
c  4 
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I  have  placed  in  a  table  my  analysis  of  the  Trafalgar- square  well- 
water,  together  with  an  analysis  of  the  Watford  chalk-water,  and 
also  an  analysis  by  Dr.  Schweitzer  of  the  water  of  the  English 
Channel ;  so  that  at  one  glance  a  comparison  of  their  composition 
may  readily  be  made,  in  order  the  better  to  test  the  different  views 
which  have  been  set  forth  as  to  the  source  of  the  supply  of  the 
deep  well-water  in  the  chalk  under  London. 

Table  of  Analyses. 


Trafalgar- sq. 

Watford 

Eng.  Channel 

Substances  found. 

■water, 

water, 

sea-Avater, 

grs.  in  a  gallon 

grs.  in  a  gallon 

grains  in  a 

sit  60°  Fah. 

at  60°  Fab. 

gallon. 

Carbonate  of  soda 

10-58 

Sulphate  of  soda 

21-34 

0-70 

Chloride  of  sodium 

19-04 

1-39 

1894-13 

Carbonate  of  potash 

1-05 

Chloride  of  potassium  - 

53-55 

Carbonate  of  magnesia 

2-07 

Sulphate  of  magnesia   - 

160-65 

Chloride  of  magnesium 

256-62 

Bromide  of  magnesium 

2-03 

Carbonate  of  lime 

2-74 

18-20 

2-31 

Sulphate  of  lime 

98-42 

Nitrate  of  lime     - 

1-76 

Phosphate  of  iron  and 

lime         _         _         _ 

0-97 

Silica           -         _         - 

0-40 

0-81 

Volatilised  matter 

0-66 

0-81 

Total 

58-85 

23-67 

2467-71 

In  the  analysis,  I  have  combined  the  acids  with  the  bases,  but 
not  before  getting  as  good  an  insight  into  the  constitution  of  the 
water  as  can  be  obtained,  by  taking  its  degree  of  hardness  and 
alkalinity  before,  and  likewise  after  submitting  it  to  the  softening 
process  of  Dr.  Clark. 

I  may  observe,  that  the  volatile  or  organic  matter  is  obtained 
as  follows :  —  The  water  is  evaporated  to  dryness  in  a  platinum 
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capsule,  and  the  solid  contents  dried  until  tliey  cease  to  lose 
weight  at  the  temperature  of  260°  Fah. ;  the  weight  is  then  noted, 
and  the  capsule  heated  to  low  redness  until  no  more  loss  of  weight 
takes  place ;  the  contents  are  then  saturated  with  fresh  car- 
bonic acid  water,  and  dried  at  260° ;  and  this  operation  of  satu- 
rating with  carbonic  acid  water  and  drying  is  repeated  until  an 
uniform  weight  is  obtained :  the  difference  between  this  and  the 
first  weight  before  heating  to  low  redness,  is  volatilised  or  organic 
matter.  This  is  not  an  exact  method  of  estimating  volatile  or 
organic  matter,  there  being  none ;  still  I  think  it  is  the  most 
correct  known ;  for  if  the  residues,  after  evaporating  the  water, 
are  simply  heated  to  redness  and  weighed,  no  two  results  are  ob- 
tained alike  from  the  same  water.  The  process  given  is  better  in 
this  respect :  besides,  the  water  originally  is  not  caustic,  whilst  a 
solution  of  the  residue  in  water  which  has  been  heated  to  redness 
generally  is,  —  indicating  that  it  has  been  deprived  of  acid.  In 
the  residues  from  water,  I  find  carbonic,  nitric,  and  even  sulphuric 
acid,  affected  by  the  heating  to  redness.  Restoring  the  carbonate 
as  described  was  suggested  by  Dr.  Clark. 

The  results  which  I  obtained,  as  I  stated  before,  show  that  the 
salts  in  the  water  have  decreased,  since  1850,  2*75  grs.  per  gallon, 
and  since  1846  altogether  9*39  grs.  per  gallon,  —  a  result  rather 
fatal  to  the  statement  that  the  salts  are  increasing  in  the  water, 
and  also  to  the  idea  of  a  percolation  of  sea-water  into  the  wells. 

But  I  think  it  is  only  necessary  to  compare  an  analysis  of  the 
deep  well-water  with  that  of  a  proper  chalk-water,  together  with 
an  analysis  of  sea-water,  as  in  the  table  I  have  given,  to  be  con- 
vinced that  the  deep  well-water  is  no  mixture  of  chalk  and  sea- 
water  ;  and  it  is  quite  clear,  without  making  an  experiment,  that 
under  no  circumstances  could  a  mixture  of  sea-water  with  chalk- 
water  in  any  proportion  produce  the  deep  well-water.  To  account 
for  the  presence  of  carbonate  and  sulphate  of  soda  alone  in  the 
deep  well-water,  without  going  further  into  the  matter,  is  impos- 
sible. 

As  a  modification  of  the  first  view  given,  it  has  been  suggested 
that  the  water  may  still  be  a  mixture  of  chalk-water  and  sea- water, 
only  the  sea-water  has  undergone  a  change  by  percolating  through 
the  chalk  strata  before  reaching  the  wells.  There  can  be  no 
doubt  that  the  first  portions  of  sea-water  passing  through  chalk 
would  be  deprived  of  their  salt  to  a  great  extent,  if  not  entirely ; 
but  as  the  chalk  became  saturated  with  sea-water,  the  water  would, 
in  passing  tlirough,  increase  in  its  saline  properties,  and  in  time 
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would  become  sea-water.  But  this,  I  have  shown,  is  not  the 
case :  besides,  the  analysis  of  the  three  waters  will  not  admit  of 
this  view ;  for  common  salt  is  not  decomposed  in  an  ordinary  way 
by  carbonate  of  lime  or  sulphate  of  lime.  But  granting  for  a 
moment,  for  the  sake  of  argument,  that,  by  some  means  which  we 
know  not  of,  it  underwent  decomposition,  still  the  chlorine  which 
was  originally  combined  with  the  decomposed  chloride  of  sodium 
—  and  it  is  not  a  small  quantity  —  is  not  to  be  traced  in  the  analysis 
of  the  deep  well-water,  but  has  entirely  disappeared  out  of  it, — 
a  thing  I  would  consider  chemically  impossible. 

An  observation  I  have  made,  and  which  I  do  not  think  has  been 
noticed  before  by  anyone  writing  upon  the  subject,  is,  that  the 
deeper  wells  in  the  chalk  contain  more  saline  matter  in  a  gallon 
than  the  shallow  ones, — rather  a  strong  fact,  I  consider,  against 
the  view  of  the  infiltration  of  sea-water  into  the  wells,  for  sea- 
water  should  become  less  saline  in  proportion  to  the  thickness  of 
chalk  it  has  to  percolate  through,  and  not  more  saline. 

Another  view  of  the  source  of  the  deep  well-water,  which 
has  been  supported  by  no  mean  chemical  authority,  is,  that  it  is 
ordinary  chalk-water  which  has  been  decomposed  by  percolating 
through  the  chalk  strata,  and  has  no  sea-water  in  its  composition. 

The  explanation  given  of  how  it  is  changed  is  as  follows :  — 
Silicate  of  soda  is  found  in  the  chalk  through  which  the  water 
percolates ;  this  silicate  is  decomposed  by  the  carbonate  of  lime  in 
the  water,  insoluble  silicate  of  lime  deposits,  and  the  carbonate  of 
soda  gets  into  solution  in  its  place. 

This  may  be  very  well  to  account  for  the  increase  of  the  car- 
bonate of  soda,  and  decrease  of  carbonate  of  lime  in  the  deep  well- 
water,  but  it  does  not  in  any  way  afford  a  solution  for  the  presence 
of  chloride  of  sodium  and  sulphate  of  soda  in  such  large  quantities 
as  these  salts  are  found  in  the  deep  Avell-water. 

My  own  conviction  is,  that  the  water  does  not  originally  come 
from  an  ordinary  chalk  stratum ;  indeed,  I  believe  that  the  deep 
wells  have  a  separate  and  independent  source,  and  are  not  sup- 
plied from  the  upper  chalk-water  at  all.  This  view  has  been 
strengthened  by  my  having  observed  a  peculiarity  in  the  water  of 
the  deep  wells  not  hitherto,  I  think,  noticed, — namely,  that  there  is 
scarcely  the  slightest,  if  any,  indication  of  nitrates  in  the  proper 
deep  well-water ;  whereas  all  waters  from  the  upper  chalk  which 
I  have  examined,  and  these  are  not  a  few,  contain  a  notable  quantity 
of  nitrates, — indeed,  it  is  a  characteristic  of  a  proper  chalk-water  to 
do  so.     The  Watford  water,  one  of  the  purest  chalk-waters  to  be 
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met  with,  gave  on  an  average  of  several  examinations  1*76  grain 
of  nitrates  per  gallon,  as  noted  in  the  table. 

As  the  deep  well-water  contains  phosphates  (an  observation 
which  was  made  by  Mr.  Graham*),  and  as  phosphates  are  generally 
associated  with  animal  or  vegetable  substances,  I  should  have 
expected  an  increase  of  nitrates  in  this  water  over  the  ordinary 
chalk-water,  from  the  oxidation  of  nitrogenous  matter  accompany- 
ing the  phosphates ;  but  the  freedom  from  nitrates,  especially 
under  the  circumstances,  is  certainly  very  peculiar,  and  the  in- 
ferences to  be  drawn  from  it  are,  that  either  the  phosphates  in  the 
water  are  not  originally  derived  from  an  organic  source,  or,  if 
they  are,  that  large  quantities  of  water  must  have  passed  through 
the  strata  in  which  these  organic  remains  were  deposited,  and 
thus  have  washed  away  the  more  soluble  nitrates  from  amongst 
them.     This,  I  believe,  is  really  what  has  taken  place. 

Before  forming  an  opinion  myself  of  the  source  of  the  deep 
well-water  in  the  chalk,  I  thought  it  was  necessary  to  examine,  if 
possible,  the  water  from  the  different  strata  Avhich  form  the 
London  Basin ;  and  for  this  purpose  I  procured  what  I  was  told 
was  a  specimen  of  water  from  the  plastic  clay  or  tertiary  strata, 
and  from  that  part  of  the  strata  which  immediately  overlies  the 
chalk.  I  did  not  make  a  full  analysis,  but  only  estimated  certain 
substances  in  it ;  my  results,  however,  showed  this  water  to  have 
a  great  similarity  in  many  respects  to  the  deep  well-water,  but 
they  differed  so  much  from  analyses  already  published  upon 
the  water,  that  I  thought  perhaps  1  might  not  have  had  a 
genuine  specimen  given  to  me ;  and  as  it  is  a  point  too  intimately 
connected  with  this  subject  to  be  entirely  passed  over,  I  deferred 
proceeding  further  until  I  had  a  little  more  leisure,  and  until  I 
could  procure  and  examine  other  specimens,  and,  if  possible,  from 
wells  in  the  strata  in  different  localities,  when  I  hope,  with  the 
kind  permission  of  the  Society,  again  to  bring  the  subject  before 
their  notice. 

*  Chem.  Soc.  Mem.  ii.  392. 
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January  21,  1856. 
The  Master  of  the  Mint,  Vice-President,  in  the  Chair. 

The  following  donations  were  announced:  — 

**  The  Journal  of  the  Society  of  Arts  :"  from  the  Society. 

"  The  Journal  of  the  Photographic  Society  :"  from  the  Society. 

"  The  Literary  Gazette :"  from  the  Publishers. 

"  The  Pharmaceutical  Journal :"  from  the  Editor. 

"  The  Journal  of  the  Franklin  Institute :"  from  the  Institute. 

"  The  American  Journal  of  Science  and  Art :"  from  the 
Editors. 

"  On  the  Action  of  Water  upon  certain  Sulphomethylates :" 
by  A.  H.  Church.     From  the  Author. 

"  On  the  Spontaneous  Decomposition  of  certain  Sulpho- 
methylates:" by  A.  H.  Church.     From  the  Author. 

Dr.  H.  E.  E.oscoe  was  elected  a  Fellow  of  the  Society. 

Dr.  W.  A.  ISIiller  delivered  a  discourse  "On  some  points  in 
the  practice  of  the  Assay  of  Gold  and  Silver." 


February  4,  1856. 
Dr.  W.  A.  Miller,  President,  in  the  Chair. 

The  following  donations  were  announced : — 

"  Elements  of  Chemistry,  Theoretical  and  Practical,"  Second 
Part:  by  Dr.  W.  A.  Miller.     From  the  Author. 

"  Report  of  the  Commission  appointed  to  make  Inquiries  into 
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the  state  of  the  Manufacture  of  Iron  and  Brass  Ordnance  :"  from 

F.  A.  Abel.  ^         ,     o    .  . 

"  The  Journal  of  the  Society  of  Arts  :"  from  the  Society. 

«  The  Journal  of  the  Photographic  Society  :"  from  the  Society. 

«  The  Literary  Gazette  :"  from  the  Publishers. 

«  The  Pharmaceutical  Journal :"  from  the  Editor. 

«  The  Memoirs  and  Proceedings  of  the  Academy  of  Sciences 
of  Madrid,  for  the  years  1851,  1852,  and  1853:"  from  the 
Academy. 

The  following  papers  were  read:  — 

« Contributions  to  the  History  of  Nitric  Acid,  with  especial 
reference   to  the  Valuation   of    Nitre:"    by  F.   A.   Abel    and 

C.  L.  Bloxam.  .    xx    i      n    • 

"  Note  on  the  Solubility  of  Sulphate  of  Baryta  in  Hydrochloric 

Acid:"  by  Henry  M.  Noad,  Ph.D. 

Dr.  A.  W.  Hofmann  made  a  verbal  communication  "On  a 

New  Class  of  Alcohols." 


February  18,  1856. 
Dr.  W.  A.  Miller,  President,  in  the  Chair. 

The  following  donations  were  announced:  — 

«  The  Literary  Gazette :"  from  the  Publishers. 

«  The  Journal  of  the  Society  of  Arts :"  from  the  Society. 

«  The  Journal  of  the  Franklin  Institute  :"  from  the  Institute. 

«  The  Report  of  the  Council  of  the  Art-Union  of  London  for 
1856  :"  from  the  Art-Union.  ^ 

"  The  Almanack  of  the  Art-Union  of  London  for  1856  :     from 

the  Art-Union. 

«  On  the  supposed  Influence  of  the  Hot-Blast  in  augmenting 
the  quantity  of  Phosphorus  in  Pig-Iron:"  by  David  S.  Price, 
Ph.D.,  and  Edward  Chambers  Nicholson.  From  the 
Authors. 

Nathan  Mercer,  Esq.,  of  Liverpool,  was  elected  a  Fellow 
of  the  Society. 

Dr.  A.  W.  Hofmann  delivered  a  discourse  "  On  some  New 
Bases  containing  Phosphorus." 


30  PROCEEDINGS   OF    THE   CHEMICAL   SOCIETY. 

March  3,  1856. 
Dr.  A.  W.  Williamson,  Vice-President,  in  the  Chair. 

The  following  donations  were  announced : — 

*'  The  Literary  Gazette :"  from  the  Publishers. 
"  The  Journal  of  the  Photographic  Society  :"  from  the  Society. 
"  The  Journal  of  the  Society  of  Arts :"  from  the  Society. 
"  The  Pharmaceutical  Journal :"  from  the  Editor. 

The  following  gentlemen  were  elected  Fellows  of  the  Society: — 

G.  C.  Foster,  B.A.,  University  College,  London. 

Arthur  Herbert  Church,  Esq.,  9,  Bedford  Row,  Gray's 
Inn. 

Augustus  Beauchamp  Northcote,  Esq.,  37,  Argyle 
Square. 

The  following  papers  were  read  : — 

"  On  the  Source  of  the  Water  of  the  deep  Wells  in  the  Chalk 
under  London :"  by  Dugald  Campbell. 

"  On  the  Action  of  Chloride  of  Cyanogen  on  Naphthalamine :" 
by  William  H.  Perkin. 

"On  some  New  Colouring  Matters,  Derivatives  of  Dinitro- 
benzole,  Dinitronaphthaline,  &c.  :"  by  A.  H.  Church  and 
W.  H.  Perkin. 


March  17,  1856. 
Dr.  W.  A.  Miller,  President,  in  the  Chair. 

The  following  donations  were  announced  : — 

"  The  Literary  Gazette:"  from  the  Publishers. 

"  The  Journal  of  the  Society  of  Arts  :"  from  the  Society. 

"The  Journal  of  the  Franklhi  Institute:"  fi'om  the  Institute. 

"  Bericht  der   kaiserlichen  Akademie  der  Wissenschaften    zu 
Wien  :"  from  the  Academy. 

Dr.  J.  H.  Gladstone  delivered  a  discourse  "  On  some  Laws 
of  Chemical  Combination." 
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ANNIVERSARY   MEETING, 

March  31,  1856. 

Dr.  W.  A.  Miller,  President,  in  the  Chair. 

The  Report  of  the  Council,  and  the  Audited  Account  of  the 
Treasurer,  were  read. 

It  was  Resolved, — 

"  That  in  By-Law  2,  '  Of  Honorary  and  Foreign  Members,' 
the  first  sentence  of  the  second  paragraph  be  altered,  and  in 
future  stand  as  follows :  — '  The  number  of  Foreign  Members 
shall  not  exceed  twenty-five.'  " 

Mr.  W.  Ferguson  and  Mr.  A.  B.  Northcote  having  been 
appointed  Scrutators,  the  meeting  proceeded  to  the  election  of 
Council  and  Officers  for  the  ensuing  year,  and  the  following 
gentlemen  were  declared  to  have  been  duly  elected:  — 

PRESIDENT. 

W.  A.  Miller,  M.D.,  F.R.S. 

VICE-PRESIDENTS 
(who   HAVE  FILLED    THE    OFFICE    OF    PRESIDENT). 

W.  T.  Brande,  F.R.S.  Thomas  Graham,  F.R.S. 

C.  G.  B.  Daubeny,  M.D.,  F.R. S.     Colonel  Philip  Yorke,  F.R. S. 

VICE-PRESIDENTS. 

B.  C.  Brodie,  F.R.S.  G.  D.  Longstaff",  M.D. 
AYarren  De  la  Rue,  Ph.D.,  F.R.  S.    A.  W.  AViUiamson,Ph.D.,  F.R.  S. 

SECRETARIES. 

Theophilus  Redwood,  Ph.D.  William  Odling,  M.B. 

FOREIGN  SECRETARY. 

A.  W.  Hofmann,  Ph.D.,  F.R.S. 

TREASURER. 

Robert  Porrett,  F.R.S. 

OTHER   MEMBERS   OF    THE    COUNCIL. 

F.  A.  Abel,  Esq.  William  Herapath,  Esq. 

C.  L.  Bloxam,  Esq.  Charles  Heisch,  Esq. 

G.  B.  Buckton,  Esq.  H.  Bence  Jones,  M.D.,  F.R.S. 
Dugald  Campbell,  Esq.  Hugh  Lee  Pattinson,  F.R.S. 
J.  H.  Gilbert,  Ph.D.  John  Stenhouse,  LL.D.,  F.R.S. 
W.  C.  Henry,  M.D.,  F.R.S.  John  Thomas  Way,  Esq. 
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It  was  moved  by  Dr.  A.  W.  "Williamson,  seconded  by- 
Robert  Porrett,  Esq.,  and  Resolved, — 

"That  Professor  Benjamin  Collins  Brodie  having  re- 
signed the  office  of  Secretary,  this  meeting  desires  to  express 
their  regret  at  the  loss  of  his  services,  and  request  the  President 
to  convey  to  him,  in  the  form  he  may  think  most  suitable,  their 
thanks  for  the  zeal  he  has  manifested  in  promoting  the  interests 
of  the  Chemical  Society ;  and,  at  the  same  time,  to  congratulate 
him  on  the  more  extensive  sphere  of  action  to  which  he  has  lately 
been  appointed." 

The  thanks  of  the  meeting  were  voted  to  the  President,  Officers, 
and  Council,  for  their  services  during  the  past  year. 


NOTICES 

OT 

PAPERS  CONTAINED  IN  OTHER  JOURNALS. 

BY   HENRY   WATTS,  B.A.,  F.C.S. 


Chemical  Report  on  the  Mode  of  Detecting  Yegetable  Substances 
mixed  with   CoflTee  for  the  purpose  of  Adulteration. 

By  T.  eraham,  F.R.S.,  J.  Stenhouse,   F.R  S.,  and   D.  Campbell,  F.C.S. 

The  adulteration  of  coffee  in  the  condition  of  the  original  bean, 
unground  and  unroasted,  could  only  be  effected  by  the  substitution 
of  a  different  seed,  and  would  form  the  subject  of  an  inquiry 
entirely  botanical.  But  it  is  proper  to  remark  that  the  coffee-bean 
is  liable  to  be  rendered  entirely  worthless,  without  any  injury  to 
its  structure,  when  kept  in  a  wet  or  damp  state  for  some  time, — 
apparently  from  the  readiness  with  which  the  soluble  constituents 
of  the  bean  spontaneously  ferment.  Coffee  damaged  by  sea-water 
has  been  found  to  retain  neither  the  aroma  nor  bitter  flavour  of 
the  seed,  and  to  have  lost  the  whole  of  its  characteristic  principle, 
caffeine.  The  entire  soluble  matter  which  can  be  extracted  from 
the  damaged  seeds  by  boiling  water  is  greatly  reduced,  and  does 
not  exceed  12  per  cent,  of  their  weight,  while  the  presence  of  the 
salts  of  sea-water  is  always  suflSciently  obvious. 

The  coffee-bean,  in  its  fresh,  unprepared  state,  is  tough,  and 
ground  with  difficulty.  It  yields  an  infusion  without  aroma, 
which  is  bitter,  and  is  said  to  act  more  powerfully  on  the  nerves 
than  roasted  coffee.  This  seed,  however,  is  always  roasted  before 
being  made  use  of,  and  it  is  in  that  state,  and  with  its  structure 
more  or  less  obliterated  by  grinding,  that  it  must  be  identified, 
and  its  purity  established  by  chemical  means  of  investigation. 

In  consequence  of  torrefactioii,  coffee  is  materially  altered,  and 
acquires  new  properties.     The  woody  tissue  of  the  fresh  bean  is 
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homy,  and  differs  from  ordinary  woody  fibre  in  its  composition, 
and  is  also  said  not  to  yield  sugar  when  treated  with  sulphuric 
acid.  By  the  roasting,  this  woody  tissue  undergoes  a  partial 
decomposition,  and  becomes  friable,  and  the  difficulty  of  pul- 
verising the  seed,  and  exhausting  it  by  water,  is  removed.  There 
is  produced  at  the  same  time  a  soluble  brown  bitter  matter,  due 
in  part  to  a  gummy  substance  pre-existing  in  the  coffee,  altered 
like  starch  by  torrefaction,  but  principally  to  the  conversion  into 
caramel  of  a  quantity  of  sugar  in  the  coffee-bean,  amounting  to 
6  or  7  per  cent,  of  its  weight. 

A  still  more  characteristic  product  of  the  roasting  of  coffee,  is 
that  which  gives  it  aroma.  This  principle,  when  separated  from 
the  infusion  of  coffee  by  distillation,  is  found  to  be  a  brown  liquid 
oil,  heavier  than  water,  soluble  in  ether,  and  has  received  the 
name  of  Caffeone  (Boutron  and  Pre  my).  Caffeone  is  slightly 
soluble  in  boiling  water ;  a  quantity  of  caffeone  which  is  almost 
insensible  Avill  aromatise  two  or  three  pints  of  water. 

In  common  with  all  the  valuable  constituents  of  coffee,  caffeone 
is  found  to  come  from  the  soluble  portion  of  the  roasted  seed. 

The  caffeic  acid  of  the  green  coffee  is  also  changed  by  the 
roasting  into  an  acid  of  different  properties. 

Of  the  ciystallisable  caffeine,  a  small  portion  may  be  lost  from 
its  volatility  in  roasting. 

No  seed  appears  to  be  known,  which,  roasted  and  pulverised, 
forms  a  true  equivalent  and  sufficient  substitute  for  coffee,  either 
in  the  physiological  properties  or  chemical  composition  of  its 
soluble  extract.  A  great  variety  of  seeds  were  tried  in  France, 
as  substitutes  for  coffee,  during  the  continuance  of  the  Continental 
blockade,  including,  in  addition  to  maize,  barley,  oats,  and  the 
other  cereals,  the  seeds  of  the  yellow  flag  {Iris  pseudo-acorus), 
grej  jyea  {Cicer  a7-ietinw7i^,  the  milk  vetch,  or  Andalusian  astra- 
galus {Astragalus  boetwus),  the  Hibiscus  esculentus,  holly,  Spanish 
broom,  acorns,  chesnuts,  the  small  lupin  {Lupinus  angustifolia\ 
peas,  haricots,  horse-beans,  sunflower,  pips  of  the  goosebeny  and 
grape,  eglantine  (Rosa  villosa),  and  the  capsules  of  box  {Buxus 
seinpervirens').  Of  the  seeds  enumerated,  the  yellow  flag,  a  com- 
mon marsh  plant  in  England,  appears  to  have  offered  the  only 
similarity  to  coffee ;  but  it  is  doubtful  whether  the  resemblance 
extended  beyond  the  aroma  of  this  seed  when  roasted,  which  is 
certainly  suggestive  of  coffee. 

The  search  made  among  the  seeds  of  other  plants  for  a  substi- 
tute for  the  coffee-berry  may  then  be  said  to  have  entirely  failed. 

The  divergence  of  the  root-substitutes  from  true  coffee  is  still 
greater  in  every  property  except  one.  The  roots  which  have 
been  most  used  are  those  of  chicory  {Cichorium  intybus),  carrot. 
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beet,  rush-nut  {Cyperus  esculentus),  earth-nut  {Arachis  hypogcBa), 
scratch-weed  {Gallium  aparine),  fern  {Pohjpodium  Jilix  mas),  and 
butchers'  broom  {Ruscus  aculeatus). 

The  roots  of  chicory,  and  of  beet  and  carrot,  which  are  all 
extensively  used  in  Germany,  are  similarly  prepared,  being  cut 
into  thin  slices,  dried  in  a  stove,  and  then  passed  through  a  coffee- 
roaster, o-enerally  with  the  addition  of  about  2  per  cent,  of  butter, 

and  sometimes  of  a  red  powder,  to  give  the  colour  of  coffee. 

It  is  to  be  remarked  of  the  roots,  that  they  are  generally  used 
rather  as  an  addition  to  coffee  than  as  a  substitute  for  it.  In  one 
property  these  roots  all  agree,  and  we  have  no  doubt  that  it  has 
led  to  this  common  application  of  them  :  chicory,  beet,  carrot,  &c., 
are  all  remarkable  for  containing  a  large  quantity  of  sugar,  easily 
caramelised  by  heat.  They  acquire,  when  roasted,  the  bitter  of 
burnt  suo-ar,  with  a  somewhat  similar  aroma.  Now  the  taste  of 
this  bitter  appears  to  be  one  of  the  strongest  and  most  general  of 
our  gustatory  preferences.  It  equally  recommends  toast-water, 
and  the  varieties  of  brown  beer  or  porter,  in  the  preparation  of 
which  a  portion  of  malt  is  used  with  its  sugar  caramelised  by  heat. 
The  caramel  bitter  is,  in  fact,  a  stock  flavour,  which  we  find 
modified  by  the  most  various  accessories  in  different  beverages, 
and  even  in  solid  articles  of  diet  in  a  cooked  state.  It  is  not 
surprising,  therefore,  that  the  chicory  root,  containing  as  it  does 
about  30  per  cent,  of  sugar,  more  than  one-half  of  which  is 
caramehsed  in  roasting,  should  obtain  extensive  favour  as  an 
addition  to  coffee.  Fresh  chicory  has  a  certain  bitterness,  or 
rather  acridity,  but  this  is  overpowered  in  the  torrefied  root  by 
the  caramel  bitter,  and  this  root  may  be  adequately  replaced  by 
the  bland  beet  or  carrot  similarly  prepared.  ^  No  one  of  these  roots 
contains  any  constituent  which  associates  it  with  coffee,  except 
sugar  : — in  other  respects  they  are  entirely  different. 

The  preparation  of  roasted  chicory  appears  to  have  originated 
in  Holland  upwards  of  a  century  ago,  but  remained  secret  till 
1801.  It  is  now  prepared  on  a  great  scale,  both  on  the  Continent 
and  in  England.  The  quantity  of  chicory-powder  consumed 
annually  in  France  is  known  to  amount  6,000,000  kilogrammes. 

In  tlie  chemical  examination  of  ground  coffee,  with  the  view  to 
discover  if  it  is  mixed  with  the  vegetable  substances  which  have 
been  named,  or  with  others,  the  characteristic  constituents  of  the 
coffee  are  less  immediately  available  than  certain  properties  of  the 
infusion  of  a  physical  character.  This  arises  from  the  circum- 
stance, that  although  it  is  easy  to  discover  the  presence  of  caffeic 
acid  and  caffeine,  yet  the  determination  of  the  exact  quantity  of 
these  substances  in  an  infusion  is  both  difficult  and  tedious. 

There  is  reason  also  to  believe  that  the  proportion  of  caffeic  acid 
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and  caffeine  varies  considerably  in  different  samples  of  coffee,  so 
that  the  quantities  of  these  substances  (when  found)  could  not 
show  exactly  the  proportion  of  pure  coffee  in  a  mixture.  It  will 
be  most  advantageous  to  discuss  here  the  general  properties  of  the 
coffee  infusion,  in  the  first  instance,  as  they  are  most  easily  ob- 
served ;  and  a  single  character  of  this  kind  in  some  instances,  and 
two  or  three  in  others,  will  generally  be  sufficient  to  establish 
adulteration  when  it  has  been  practised.  The  higher  chemical 
inquiries  will  then  follow. 

1.  When  hot  water  is  applied  to  the  powder  of  chicory  and 
other  roots,  it  softens  immediately,  from  the  facility  with  which 
water  is  imbibed,  while  the  grains  of  coffee  remain  hard  and 
gritty  in  the  same  circumstances.  Ground  chicory  is  highly 
hygroscopic. 

Roasted  grain,  such  as  wheat  and  barley,  gives  an  infusion  with 
hot  water,  which  is  mucilaginous  and  thick,  while  the  infusion  of 
coffee  is  remarkably  thin  and  limpid.  The  grain  infusion  gene- 
rally contains  starch,  and  gives,  when  cool,  a  blue  colouration 
with  iodine,  while  the  infusions  of  both  coffee  and  chicory  appear 
to  be  entirely  destitute  of  starch. 

2.  The  more  deep  and  rapid  coloration  of  water  by  chicory 
and  the  allied  roots  than  by  coffee,  affords  a  useful  indication  in  a 
preliminary  examination.  The  roasted  grains  also  appear  to  colour 
water  more  deeply  than  coffee  does.  The  relative  colouring 
power  of  coffee,  chicory,  and  a  variety  of  other  vegetable  sub- 
stances used  in  the  adulteration  of  coffee,  was  determined  with 
considerable  precision  by  infusing  equal  quantities  of  each  in 
water,  as  in  the  preparation  of  coffee,  filtering  the  infusions 
through  paper,  and  observing  the  colour  in  glass  tubes  of  equal 
diameter  — about  1  inch.  The  solutions  required  to  be  very  dilute. 
It  was  also  necessary  to  have  a  standard  of  comparison,  and  for 
this  purpose  caramel,  carefully  prepared  from  cane-sugar,  was  had 
recourse  to.  The  standard  solution  of  caramel  consisted  of  1  grain 
of  that  substance  dissolved  in  2000  grains  of  water.  To  produce 
the  same  intensity  of  colour  as  the  standard  solution,  a  larger 
proportion  than  1  grain  of  all  the  other  substances  required  to  be 
dissolved  in  2000  grains  of  water.  The  proportion  necessary  is 
expressed  in  Table  I.  The  substances  are  all  roasted,  as  they 
would  be  used  to  mix  with  coffee. 
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Table  I. 

ubstance  (roasted)  dissolved  in  2000  parts 
produce  an  equal  depth  of  colour. 

Caramel 

.      1- 

INIangold-wurzel    . 
Bouka  (a  coffee  substitute)    . 
Sparke's  vinegar  colouring 
Black  malt  .... 

.     ]-66 
.     1-66 
.     1-74 
.     1-82 

White  turnips 
Carrots 

.     2-0 
.     2-0 

Chicory  (darkest  Yorkshire) 
Parsnips       .... 
Maize  .... 

.     2-22 
.     2-5 

.     2-86 

Rye      .... 

Dandelion  root 

.     2-86 
.     3-33 

Red  beet 

.     3-33 

Bread  raspings 
Acorns 

.     3-64 
.     5-00 

Over-roasted  coffee 

.     5-46 

Highly-roasted  coffee    . 
Medium-roasted  coffee 

.     5-77 
.     6-95 

Another  specimen  of  coffee    . 
White  lupin  seed 

.     6-66 
.    10-00 

Peas    .          .          . 

.    13-33 

Beans            .... 

.   13-33 

Spent  tan     .... 
Brown  malt 

.  33- 

.  40- 

It  will  be  seen  from  the  preceding  table,  that  2-22  parts  of 
chicory  have  the  same  colouring  power  as  5-77  grains  of  highly- 
roasted,  and  6-95  grains  of  medium-roasted  coffee,  or  of  13-33 
grains  of  roasted  peas,  and  40  parts  of  brown  malt. 

The  same  results  are  given  in  a  different  form  in  Table  II. 


Table  II. 

Colouring  power  of  various  substances  (roasted)  dissolved  in  an 
equal  quantity  of  water. 

Caramel 1000- 

Mano;old-wnrzel         .  .  .  602*4 

Bouka  (a  coffee  substitute)         .  602*4 

Sparke's  vinegar  colouring  .  574*71 

Black  malt        ....  549*45 

White  turnij)s  ....  500- 

Carrots 500- 

Chicory  (darkest  Yorkshire)        .  450-45 

B   3 
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Parsnips  . 

Maize 

Rye 

Dandelion  root 

Red  beet 

Bread  raspings 

Acorns 

Over-roasted  coffee 

Highly-roasted  coffee 

Medium-roasted  coffee 

Another  specimen  of  coffee 

AVhite  lupin  seed 

Peas 

Beans 

Spent  tan 

Brown  malt 


400- 

350- 

350- 

300-3 

300-3 

274-72 

200- 

183-15 

173-31 

143-88 

150-15 

100- 

73-18 

75-18 

30- 

25- 


The  number  for  cliicorj  (450)  indicates  that  that  substance 
possesses  nearly  half  the  colouring  power  of  caramel  (1000)  ;  Avhile 
highly- roasted  coffee  (173)  is  about  one-sixth  of  caramel.  ISIaize 
and  rye,  with  probably  all  the  other  cereals,  rise  to  350,  and  have 
therefore  a  high  colouring  power,  quite  double  that  of  coffee  ; 
while  peas  and  beans  (75)  are  on  the  other  side,  and  possess  only 
about  half  the  colouring  power  of  coffee  for  equal  weights  of  the 
substances  compared. 

The  preceding  solutions  were  prepared  at  212°,  and  chicory 
then  exhibits  about  three  times  the  colouring  power  of  coffee. 
But  when  the  solutions  are  prepared  without  heat,  the  disparity 
is  still  greater.  In  cold  water  chicory  exceeded  coffee  about  four 
and  a  half  times  in  colouring  power. 

When  a  few  grains  of  roasted  chicory,  or  any  other  sweet  root, 
are  dropped  into  a  glass  of  cold  water,  without  being  stirred,  a 
yellowish-brown  colour  diffuses  rapidly  through  the  liquid,  while 
the  pure  coffee  gives  no  sensible  colour  to  the  water  in  similar 
circumstances. 


3.  Another  property  of  infusions,  which  is  still  more  precise 
and  valuable,  is  their  specific  gravity. 

The  proportion  of  substance  found  most  suitable  for  an  extensive 
comparison  was  1  in  10  of  water.  The  substances  were  not 
exhausted  by  water,  but  simply  placed  in  about  a  pint  of  cold 
water,  in  the  preceding  proportion  by  weight,  and  the  temperature 
raised  to  212°,  and  retained  at  that  point  for  not  more  than  half 
a  minute.  The  infusions  were  then  filtered  through  paper.  The 
substances,  as  usual,  are  roasted  and  ground  equally  fine,  with 
the  exception  of  the  last  three  in  the  table. 
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Table  III 

Specific 

gravity  of  solutions  at  60°  F.,  1  ] 
10  part5  of  water. 

)art  of  su 

Spent  tan 

.   1002-14 

Lupin  seed 

.   1005-7 

Acorns 

.   1007-3 

Peas 

.   1007-3 

Mocha  coffee     . 

1008-0 

Beans 

.   1008-4 

Neilgherry  coffee 

1008-4 

Plantation  Ceylon  coffee 

1008-7 

Java  coffee 

1008-7 

Jamaica  coffee  . 

1008-7 

Costa  Rica  coffee 

1008-98 

Native  Ceylon  coffee 

1009-0 

Costa  Eica  coffee 

1009-5 

Brown  malt 

1010-9 

Parsnips  . 

1014-3 

Carrots 

1017-1 

Bouka 

.  1018-5 

English  chicory  (Yorkshire 

0 

10191 

Black  malt 

1021-2 

Turnips    . 

1021-4 

Rye  meal 

1021-6 

English  chicory 

1021-7 

Dandelion  root 

1021-9 

Bed  beet  .... 

1022-1 

Foreign  chicory 

1022-6 

Guernsey  chicory 

1023-2 

Mangold-wurzel 

1023-5 

Maize 

1025-3 

Bread  raspings 

1026-3 

British  gum 

1037-9 

Gum  arable 

1038-6 

Cane  sugar 

1040-9 

Starch  sugar 

1042-8 

The  leguminous  seeds,  it  appears,  give  a  low  specific  gravity, — 
peas  1007-3,  and  beans  1008-4.  The  coffees  are  also  remarkably 
low,  varying  from  Mocha  coffee  1008-0,  to  Costa  Rica  1009-5  ; 
while  chicory  rises  greatly,  ranging  in  different  samples  between 
1019-1  and  1023-2.  The  cereals  are  equally  high,  or  still  higher, 
in  the  scale  of  gra^aty  ;  rye-meal  being  1021-6,  and  maize  1025-3. 
The  low  gravity  of  the  coffee  infusion,  therefore,  distinguishes  it 
sharply  from  the  two  most  important  classes  of  adulterating  sub- 
stances,— the  roots  and  cereals. 
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4.  The  action  of  other  solvents,  besides  water,  may  be  shortly 
referred  to. 

Agitated  four  times  successively  in  ten  times  their  weight  of 
ether,  the  substances  to  be  mentioned  gave  different  proportions  of 
matter  soluble  in  that  menstruum  :  — 

Roasted  beans  .         .         .     1  '8 1  per  cent,  of  oil  and  resin, 
„        maize.  .      ^   .     5'15  „  „  „ 

„        chicory  (Yorkshire)    6*83  „  „  „ 

„        coffee  (Mocha)      .   15 '93  „  „  „ 

including  probably  nearly  1  per  cent,  of  caffeine. 

It  thus  appears  that  coffee  yields  much  more  soluble  matter  to 
ether  than  beans,  maize,  or  chicory,  which  represent  the  three 
classes  of  leguminous  seeds,  cereals,  and  sweet  roots.  The  fat 
obtained  from  chicory  was  no  doubt  principally  composed  of  the 
sweet  American  or  Australian  tallow,  added  by  English  manu- 
facturers to  the  root,  in  roasting,  to  prevent  burning.  The  experi- 
ment with  ether  is  easily  made,  and  may  in  particular  circumstances 
prove  valuable. 

The  solubility  of  the  same  substances  in  proof  spirit  was 
observed,  the  substance  being  exhausted  four  times  in  succession 
by  ten  times  its  weight  of  proof  spirit,  at  the  boiling  temperature. 

Roasted  beans  gave  17*5  per  cent,  of  a  dry,  blackish,  lustrous 
extract. 

Roasted  maize  gave  50*2  per  cent,  of  an  extract  much  like  the 
preceding. 

Roasted  chicory  (Yorkshire)  gave  67*76  per  cent,  of  extract  of 
a  lighter  colour  than  the  preceding,  but  otherwise  very  similar. 

Roasted  coffee  (Mocha)  gave  26*35  per  cent,  of  extract,  much 
like  the  first  two  in  external  appearance. 

These  operations  are  remarkably  tedious,  while  the  experiments 
with  ether,  on  the  contrary,  are  easy  and  simple.  The  results 
with  proof  spirit  are  not  sufficiently  characteristic  to  recommend 
its  application, 

5.  Fermentation  by  means  of  yeast  gives  a  decisive  proof  of 
the  adulteration  of  coffee  by  many  vegetable  substances,  particu- 
larly by  chicory  and  the  other  saccharine  roots. 

In  our  fermentation  experiments,  2000  grains  of  the  coffee  or 
other  substances  were  weighed  out,  and  treated  successively  with 
1 -1- pint  of  cold  water,  1^  pint  of  water  about  174°,  and  a  little 
additional  water  for  washing  the  solid  residue  upon  a  filter  of  fine 
calico.  About  3  pints  of  infusion  were  thus  obtained,  which  were 
mixed  with  250  grains  of  brewers'  yeast,  weighed  after  being 
pressed  in  a  calico  bag.  The  fermentation  was  continued  for 
forty-eight  hours  at  a  temperature  of  from  80°  to  90°.  The 
fermented  liquor  was  afterwards  distilled,  and  about  6000  grains 
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brought  over.  The  last  vinous  liquor  was  rectified  a  second  time, 
about  3000  grains  being  now  collected ;  and  the  alcohol  was 
inferred  from  the  density  of  this  distillate. 

The  substances  were  examined  for  sugar  both  before  and  after 
being  roasted,  as  it  was  interesting  to  observe  the  extent  to 
which  the  sugar  is  caramelised,  by  torrefaction,  in  the  diflferent 
substances. 

The  sugar  of  coffee  is  found  to  be  reduced  by  roasting  from 
6  to  7  per  cent,  in  raw  coffee,  to  from  0*  to  1'12  per  cent,  in  the 
roasted, — or  to  be  almost  entirely  destroyed ;  while  in  other  sub- 
stances the  sugar  is  more  generally  reduced,  by  precisely  similar 
treatment,  to  from  one-half  to  one-third  of  its  original  proportion. 
It  is  difficult  to  account  for  this  dissimilarity,  unless  a  portion  of 
the  sugar  of  raw  coffee  exists  in  a  state  of  conjugate  combination, 
like  the  sugar  in  tannin,  amygdalin,  salicin,  &c.  :  our  attempts  to 
isolate  such  a  conjugate  body,  however,  from  raw  coffee,  have  not 
yet  proved  successful,  and  its  existence  is  therefore  hypothetical. 
We  succeeded,  on  the  other  hand,  in  crystallising  out  cane-sugar 
from  an  infusion  of  raw  coffee.  It  was  decided  by  proper  experi- 
ments that  the  fermentation  of  sugar  was  not  interfered  with  by 
the  empyreumatic  products,  or  essential  oil  of  roasted  coffee. 

The  sugar  was  determined  which  exists  in  the  most  dissimilar 
varieties  of  coffee,  the  wild  and  cultivated  beans,  the  beans  from 
Ceylon  and  the  West  Indies,  from  Arabia,  and  the  Neilgherry 
Hills.  Twelve  different  samples  were  examined,  each  both  before 
and  after  roasting. 

Table  IV. 
Sugar  found  in  coffee,  before  and  after  torrefaction. 

Sugar  per  Cent. 

1.  Plantation  Ceylon 
2-  ))  „ 

4 

5.  Native  Ceylon 

6.  Java 

7.  Costa  Rica 

8.  >j    ^     J, 

9.  Jamaica 

10.  Mocha 

11.  ,, 

12.  Neilgherry 

The  sugar  in  coffee  appears  to  be  increased  by  cultivation, — the 
proportion  in  Native  Ceylon  being  5 '7  per  cent.,  and  in  Plantation 
Ceylon  from  7'1  to  7 '7  per  cent. 


Eaw. 

Eoasted 

7-52 

1-14 

7-48 

0-63 

7-70 

0-0 

7-10 

0-0 

5-70 

0-46 

6-73 

0-48 

6-72 

0-49 

6-87 

0-40 

7-78 

0-0 

7-40 

0-50 

6-40 

0-0 

6-20 

0-0 
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The  proportion  of  sugar  in  the  dried  roots  is  high  at  first,  and 
continues  after  roasting  still  very  notable. 

Table  V. 
Sugar  in  chicory  and  other  sweet  roots,  before  and  after 


torrefaction. 


Sugar  per  Cent, 


Raw. 
Foreign  chicory      .         .         .     23*76 
Guernsey  chicory  .  .  .30*49 

English  chicory       .  .  .     35*23 

„  (Yorkshire)  .  32*06 
Mangold-wurzel  .  .  .  23*68 
Carrots  (ordinary)  .  .     31*98 

Turnips         „  .  .  .     30*48 

Beet  root  (red)       .         .         .     24*06 
Dandelion  root        .  .  .     21*96 

Parsnips  .  .  .  .21*70 

Bouka  (a  coffee  substitute)      .       — 

It  thus  appears  that  roasted  chicory,  as  it  is  sold  for  mixing 
with  coffee,  retains  from  9*86  to  17*98  per  cent,  of  undecomposed 
sugar.  In  none  of  the  other  sweet  roots  which  are  occasionally 
substituted  for  chicory,  such  as  mangold-wurzel,  beet,  turnip,  or 
carrot,  does  the  proportion  of  sugar  retained  after  torrefaction  fall 
under  9  per  cent.,  with  the  exception  of  parsnip,  in  which  the 
sugar  falls  to  6*98  per  cent.  The  coffee  substitute,  "  Bouka," 
falls  into  this  class,  and  appears  to  be  a  mixture  of  true  coffee  with 
a  torrefied  sweet  root. 

The  last  group  is  composed  of  the  leguminous  and  certain  other 
seeds,  with  the  cereals.  The  sugar  was  determined  for  most  of 
these  substances  in  the  roasted  form  of  the  grain  only,  which  alone 
affects  the  question  of  adulteration. 

Table  VI. 
Sugar  in  various  seeds,  before  and  after  torrefaction. 

Sugar  per  Cent. 

E 
Acorns 
Horse-beans 
Peas  (grey) 
Maize 

Rye -meal    . 
Bread-raspings 
Lupin-seed 

Brown  malt  .  .8*48  — 

Black  malt  ...       —  1*66 


Eaw. 

Roasted. 

3*64 

2*70 

— 

1*62 

— 

1*08 

— 

0*82 

— 

1*96 

— 

1*78 

— 

0*74 
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In  the  roasted  seeds  enumerated,  the  proportion  of  sugar  is 
sensible,  but  not  sufficiently  considerable  to  give  the  means  of 
distino-uishino;  leguminous  seeds  and  cereals  from  coffee.  In  roasted 
acorns,  the  sugar  rises  to  2*7  per  cent.,  and  black  malt,  it  will  be 
observed,  still  retains  1"66  per  cent,  of  fermentable  matter. 

The  fennentation  test,  on  the  other  hand,  is  adapted  to  detect 
adulteration  by  chicory  and  the  sweet  roots,  and  will,  we  believe, 
from  its  certainty  and  facility  of  application,  prove  eminently  useful 
for  that  purpose. 

6.  Coffee,  and  the  various  vegetable  substances  used  in  its 
adulteration,  may  be  incinerated  on  a  platinum  or  porcelain  capsule, 
and  leave  an  earthy  ash,  of  which  the  composition  is  often  charac- 
teristic of  the  plant.  Valuable  information  may  be  obtained, 
without  making  a  formal  analysis  of  the  ash,  by  simply  digesting 
it  in  strong  hydrochloric  acid.  The  earth  which  remains  undis- 
solved after  this  treatment  is  silica.  Now  coffee,  we  find,  is 
remarkably  distinguished  from  the  roots  and  cereals,  by  the  small 
quantity  of  silica  it  affords.  The  quantity  of  that  earth  found  in 
coffee  is  so  small,  that  it  may  be  doubted  whether  coffee  contains 
any  silica  except  what  may  accidentally  adhere  to  the  coffee 
beans,  when  collected,  in  the  form  of  sand.  The  proportion  of 
silica  found  in  the  twelve  samples  of  coffee  of  Table  IV.  was  as 
follows : — 


Table  VII 

Silica 

in  roasted  coffee. 

Per  Cent,  in  Ash 

Sampl 

e  1       . 

.     0- 

2 

0- 

3      . 

0-26 

4      , 

0-02 

5      . 

.     0-17 

6      . 

0-28 

7      . 

.     0- 

8 

0-45 

9      . 

.     0- 

10      . 

.     0- 

11      , 
12 

.     0- 
.     0-09 

The  only  case  in  which  the  silica  approaches  to  half  a  per  cent, 
of  the  ash  is  Sample  8  ;  and  in  another  sample  of  the  same  coffee, 
which  was  properly  screened  before  roasting,  the  silica  of  the  ash 
fell  to  0. 

On  the  other  hand,  the  silica  and  sand,  insoluble  in  acids,  of 
four  samples  of  roasted  chicory,  amounted  to  so  much  as  10-69, 
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13'13,  30'71,  and  35*85  per  cent,  of  the  ash.  It  may  be  added, 
that  the  portion  of  this  silica  soluble  in  alkali  was,  in  the  same 
samples,  2*61,  3*81,  10*52,  and  12*75  parts;  the  j)ortion  of  silica 
insoluble  in  alkali,  8*08,  9*32,  20*19,  and  23*10  parts. 

The  whole  silica  in  roasted  dandelion  root  amounted  to  11*26 
per  cent,  of  the  ash. 

In  other  cultivated  roots  the  proportion  of  silica  does  not  appear 
to  be  so  large  as  in  chicory.  The  silica  is  always  expressed  with 
reference  to  100  parts  of  the  ash.  Messrs.  Way  and  Ogston 
find  in  the  root  of  the  carrot  from  0*76  to  1*92  silica;  in  beet, 
from  1*4  to  4*11  silica;  and  in  turnip,  from  0*96  to  2*75  silica. 

The  proportion  of  silica  appears  to  be  low  in  certain  grains  and 
seeds,  although  rarely  descending  to  the  insignificant  proportion 
of  the  coifee-bean, — and  to  be  very  high  in  other  grains.  We  find 
in  the  ashes  of  acorns  1*01  per  cent,  of  silica  ;  in  maize,  1*78  per 
cent,  of  silica ;  in  the  white  lupin  of  the  Levant,  0*87  per  cent, 
of  silica.  Messrs.  Ogston  and  Way  report  from  2*05  to  5*46 
silica  for  wheat ;  from  23  6  to  70*77  silica  for  barley;  from  38*48 
to  50*03  for  oats;  and  9*22  for  rye. 

It  appears,  therefore,  that  the  presence  of  1  per  cent,  or  upwards 
of  silica  in  the  ashes  of  coifee  is  a  proof  of  adulteration  ;  that 
the  adulterating  substances  which  increase  the  proportion  of  silica 
most  considerably  are  oats  and  barley,  then  chicory  and  dandelion, 
which  are  followed  by  rye  :  Avheat,  beet,  turnip,  and  carrot,  would 
produce  a  small  and  less  decisive  effect. 

There  will  now  be  presented  complete  analyses,  made  for  this 
inquiry,  of  the  ashes  of  seven  varieties  of  coffee,  and  four  different 
samples  of  chicorv. 

Table  VIIL 

Analyses  of  the  ashes  of  coff'ee  and  chicory. 
coffee. 


Plant- 
ation 
Ceylon 

Native 
Ceylon 

,Java. 

Costa 
Rica. 

Ja- 
maica. 

Mocha. 

NeU- 
gherry. 

Potash    . 
Soda       . 
Lime 

Magnesia 

Sesquioxide  of  iron 
Sulphuric  acid 
Chlorine 
Carbonic  acid 
Phosphoric  acid 
Silica      . 
Sand      . 

55-10 

4-10 
8-42 
0-45 
3-62 
Ml 
17-47 
10-36 

52-72 

4-58 
8-46 
0-98 
4-48 
0-45 
16-93 
11-60 

54-00 

4-11 

8-20 
0-73 
3-49 
0-26 
18-13 
1105 

53-20 

4-61 

8-66 
0-63 
3-82 
1-00 
16-34 
10-80 


53-72 

6-16 
8-37 
0-44 
3-10 
0-72 
1654 
11-13 

51-52 

5-87 
8-87 
0-44 
5-26 
0-59 
16-98 
10-15 

55-80 

5-68 
8-49 
0-61 
3-09 
0-60 
14-92 
10-85 

Total  amount 

100-63 

100-20 

99  97 

99-06 

10018 

99-68 

100-04 
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CHICORY. 

DEDUCTING    SAKD   AND    SILICA. 


Darkest 

English 

English. 

Foreign. 

Guernsey. 

(Yorkshire) 

Potash 

38-53 

27-85 

46-07 

46-27 

Soda    . 

9-34 

16-90 

3-17 

5-49 

Lime    . 

10-79 

10-81 

7-78 

7-65 

Magnesia 

6-06 

8-08 

5-33 

5-55 

Sesquioxide  of  iron 

4-38 

3-50 

8-29 

5-08 

Sulphuric  acid 

11-38 

11-78 

8-38 

8-67 

Chlorine 

5-67 

5-23 

5-03 

6-58 

Carbonic  acid 

2-04 

3-22 

4-36 

4-60 

Phosphoric  acid    . 

12-27 

12-61 

11-00 

9-59 

Sihca  . 









Sand    . 

— 

— 

— 

— 

Total  amount    . 

100-46 

99-98 

99-41 

99-48 

DEDUCTrSG   SAXD   A>T)   NOT   SILICA. 


Darkest 

English 

English. 

Foreign. 

Guernsey. 

(Yorkshire) 

Potash 

37-07 

27-13 

40-20 

41-41 

Soda      . 

8-99 

16-46 

2-77 

4-92 

Lime 

10-38 

10-53 

6-79 

6-85 

Magnesia 

5-83 

7-87 

4-66 

4-97 

Sesquioxide  of  iron 

4-22 

3-41 

7-24 

4-55 

Sulphuric  acid 

10-95 

11-48 

7-32 

7-76 

Chlorine 

5-46 

5-10 

4-39 

5-89 

Carbonic  acid 

1-97 

3-14 

3-81 

4-12 

Phosphoric  acid     . 

11-81 

12-29 

9-60 

8-59 

Silica     . 

3-81 

2-61 

12-75 

10-52 

Sand     . 

— 

— 

— 

— 

Total  amount     .... 

100-49 

100-02 

99-53 

99-58 

NOT 

DEDUCTING   SAND   AND   SILICA. 

Dai-kest 

English 

English. 

Foreign. 

Guernsey. 

(Yorkshire) 

Potash 

33-48 

24-88 

29-56 

32-07 

Soda      . 

812 

15-10 

2-04 

3-81 

Lime 

9-38 

9-60 

5-00 

5-31 

Magnesia 

5-27 

7-22 

3-42 

3-85 

Sesquioxide  of  iron 

3-81 

3-13 

5-32 

3-52 

Sulphuric  acid 

10-29 

10-53 

5-38 

6-01 

Chlorine 

4-93 

4-68 

3-23 

4-56 

Carbonic  acid 

1-78 

2-88 

2-80 

319 

Phosphoric  acid     . 

10-66 

11-27 

7  06 

6-65 

Silica     . 

3-81 

2-61 

12-75 

10-52 

Sand 

9-32 

8-08 

23-10 

20-19 

Total  amount     .... 

100-85 

99-98 

100-66 

99-68 

46 


MESSRS.  GRAHAM,    STENHOUSE,    AND   CAMPBELL    ON 


The  first  difference  which  appears  upon  comparing  the  two  sets 
of  analyses  is  the  absence  of  soda  in  coffee,  and  its  presence  in 
chicory  to  the  extent  of  from  2*04  to  15*1  per  cent,  of  the  ash. 
The  united  amount  of  potash  and  soda  does  not  differ  much  in 
the  two  substances.  In  chicory,  the  lime  is  greater  and  the 
magnesia  less  than  in  coffee.  The  sesquioxide  of  iron  is  strikingly 
different,  being  always  under  1  per  cent,  in  coffee,  by  our  experi- 
ments, and  ranging  from  3"  13  to  5 '32  per  cent,  in  chicory.  The 
ash  of  chicory  is,  on  this  account,  red  to  the  eye  when  compared 
with  that  of  coffee.  The  difference  in  chlorine  is  also  important, 
the  highest  proportion  observed  in  coffee-ash  being  I'll  per  cent., 
and  the  lowest  proportion  in  chicory-ash  3*28  per  cent.  Coffee 
gives  an  ash  which  is  highly  carbonated,  the  carbonic  acid  varying 
from  14'92  to  18-13  per  cent.  ;  while  the  ash  of  chicory  is  only 
slightly  carbonated,  containing  from  1*78  to  3*19  per  cent,  of 
carbonic  acid.  The  proportion  of  phosphoric  acid  is  pretty  similar 
in  the  two  kinds  of  ash.  The  disparity  in  the  silica  has  been 
already  referred  to. 

The  differences  most  available  in  the  two  kinds  of  ash,  as  dis- 
tinctive tests  for  coffee  and  chicory,  appear  to  be  the  following : — 


Silica  and  sand 
Carbonic  acid 
Sesquioxide  of  iron 
Chlorine 


In  coffee-ash. 


In  chicory-ash. 

10-69  to  35-85 
1-78  to  3-19 
3-13  to  5-32 
3-28  to    4-93 


14-92  to  18-13 
0-44  to  0-98 
0-26  to     1-11 

Another  series  of  ash  analyses  was  executed,  comprising  the 
ash  of  the  white  lupin  of  the  Levant — a  seed  which,  from  its 
chemical  properties  and  low  price,  is  not  unlikely  to  be  substi- 
tuted for  coffee — the  ash  of  acorns,  of  maize,  and  of  parsnip  and 
dandelion  roots. 

Table  IX. 
Analyses  of  ashes  of  certain  seeds  and  roots, 

DEDUCTING    SILICA,    &C. 


Lupins. 

Acorns. 

Maize. 

Parsnips. 

Dandelion 
root. 

Potash  , 
Soda     . 
Lime     . 
Magnesia 

Sesquioxide  of  iron 
Chlorine 
Sulphuric  acid 
Carbonic  acid 
Phosphoric  acid    . 
Silica,  &c.    . 

33-83 

17-90 

7-81 

6  23 

2-12 

6-85 

0-56 

25-74 

55-49 
0-63 
6-98 
4-36 
0-54 
253 
4-83 
13-82 
11-26 

31-28 

3-11 
14-98 
0-85 
0-50 
4-20 

45-29 

56-86 

6-88 
6-52 
0-53 
2-10 
4-09 
11-50 
13-91 

2022 

34-87 

12-87 

1-47 

1-42 

4  32 

2-66 

6-99 

12-63 

Total  amount    .... 

101-04 

100-44 

100-21 

102-39 

97-45 

THE    ADULTERATION   OF    COFFEE. 

Analyses  of  ashes  of  certain  seeds  and  roots. 


47 


SOT    DEDT7CTING 

SILICA,    & 

c. 

Lupins. 

Acorns. 

Maize. 

Parsnips. 

Dandelion 
root. 

Potash 

33-54 

54-93 

30-74 

56-54 

17-95 

Soda     . 

17-75 

0-63 

— 

— 

30-95 

Lime    . 

7-75 

6-01 

3-06 

6-85 

11-43 

Llagnesia 

6-18 

4-32 

14-72 

6-49 

1-31 

Scsquioxide  of  iron 

— 

0-54 

0-84 

0-53 

1-27 

Chlorine 

2-11 

2-51 

0-50 

2-09 

3  84 

Sulphuric  acid 

6-80 

4-79 

413 

4-07 

2-37 

Carbonic  acid 

0-56 

13-69 

— 

11-44 

621 

Phosphoric  acid    . 

2553 

11-15 

44-50 

13-84 

11-21 

Silica,  &c.     . 

0-87 

1-01 

1-78 

0-57 

11-26 

Total  amount    . 

• 

101-09 

99-58 

100-27 

102-42 

97-80 

In  the  ash  only  of  the  dandelion  root  is  the  silica  sufficiently 
large  in  quantity  to  make  a  good  distinction  from  coffee.  Lupins 
and  maize  are  distinguished  from  coifee  by  their  low  proportion 
of  carbonic  acid.  The  white  lupin,  both  of  the  Levant  and 
England,  we  find  to  contain  a  notable  quantity  of  manganese. 
The  oxide  of  iron  is  everywhere  too  low  to  be  serviceable. 
Chlorine  appears  as  low  in  maize  as  in  coffee,  but  the  proportion 
of  that  element  is  doubled  in  lupins,  acorns,  parsnips, — and  nearly 
quadrupled  in  dandelion :  a  high  proportion  of  phosphoric  acid 
distinguishes  maize,  and  we  may  add  all  the  other  cereals,  from 
coffee. 

The  ash  of  the  turnip  root  contains,  according  to  Way  and 
Ogston,  from  9'54  to  14*82  per  cent,  of  carbonic  acid,  which  is 
very  different  from  chicory,  and  nearly  as  high  as  in  coffee.  The 
sesquioxide  of  iron  of  turnip  is  also  given  even  lower  than  in  coffee, 
— from  0'14  to  0*66  per  cent.  Chlorine  appears  to  be  as  abundant 
in  the  turnip,  in  the  form  of  chloride  of  sodium,  as  in  the  chicory 
root. 

According  to  the  same  excellent  authorities,  in  beet-root-ash 
the  carbonic  acid  varies  from  15  "23  to  21 '61  per  cent.,  and  is 
therefore  quite  as  high  as  in  coffee-ash ;  the  sesquioxide  of  iron, 
from  0*52  to  3"74  per  cent.,  small  as  in  coffee  ;  the  chlorine  very 
large  and  distinctive,  being  represented  by  from  14'18  to  49'51 
per  cent,  of  chloride  of  sodium. 

In  the  ash  of  the  caiTOt,  the  carbonic  acid  is  from  15'15  to  19*11 
per  cent.;  the  sesquioxide  of  iron,  from  0*59  to  1"66  per  cent.; 
chlorine  nearly  as  in  chicory,  being  represented  by  from  4*91  to 
7*65  per  cent,  of  chloride  of  sodium  (Way  and  Ogston). 
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7.  The  action  of  the  more  ordinary  chemical  reagents  upon 
infusions  of  coffee  and  chicory  may  now  be  noted.  The  indi- 
cations thus  obtained  with  coffee  are  unfortunately  rendered  much 
less  characteristic  by  the  torrefaction  of  the  seed. 

Table  X. 

Action  of  certain  chemical  reagents  upon  infusions  of  coffee 
and  chicory. 


Potassa 


Lime-water 


Acetate  of  copper 


Perchloride  of  iron 


Nitric  acid 


Sulphuric  acid 


Hydrochloric  acid 


liaw  Coflfee. 


A   bright    red- 
dish-yellow 
liquid,  and  no 
precipitate. 

Pale-yellow 
liquid  ;    on 
standing,  be- 
coming green 
at  the  surface ; 
no  precipitate. 

Dirty-green 
precipitate. 


Deep  greenish- 
black  precipi- 
tate. 

Bright  red-co- 
loured liquid. 


Dirty  blackish- 
broAvn-coloured 
liquid. 

Pale  bro^^Tiish- 
yellow  liquid. 


Eoasted  Coffee. 


Brownish-yel- 
low liquid, 
and  no  pre- 
cipitate. 

Reddish- brown, 
with  shade  of 
purple,   and 
no  precipitate. 


Brownish-gi'een 
precipitate. 


Very    dark 
greenish-black 
precipitate. 

Clear  port- wine- 
coloured  liquid. 


Dark  blackish- 
brown-coloured 
liquid. 

Port-wine-co- 
loured liquid. 


Raw  Chicory. 


Not  altered. 


Not  altered. 


Pale-green 
precipitate. 


Blackish-brown- 
coloured  liquid. 

No  effect. 


Deep  blackish 
brown-coloured 
liquid. 

No  effect. 


Roasted 
Chicory. 


Not  altered. 


Not  altered. 


Gelatinous 
precipitate  of  a 
reddish-brown 
colour. 

No  effect. 


No    effect    at 
iirst  ;    on 
standing, 
port- wine 
colour. 

Brownish - 
black  liquid. 


Slightly  dark- 
ens the  liquid. 


In  allowing  a  solution  of  unroasted  coffee  to  stand,  its  green 
colour  becomes  gradually  deeper.  This  change  is  due  to  oxidation 
and  the  formation  of  the  viridic  acid  of  Rochleder.  It  is  greatly 
promoted  by  the  presence  of  an  alkali :  an  excess  of  lime  brings 
out  this  colour  very  strongly  in  a  day  or  two, — giving  at  first, 
however,  a  bright  yellow  colour.  Subacetate  of  lead  gives,  in 
unroasted  coffee,  a  yellow  precipitate,  which  does  not  become 
green.      An  excess  of  acetate  of  copper  gives  a  green  precipitate 
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in  abundance,  which  is  brightened  by  the  addition  of  an  alkali. 
This  copper  precipitate  has  been  used  as  a  green  pigment.  The 
reactions  above  described  are,  however,  much  altered  and  obscured 
by  the  roasting  of  the  coffee,  and  are  therefore  of  little  service  for 
our  present  purpose. 

It  has  already  been  stated  that  iodine  produces  no  blue 
coloration  in  the  infusion  of  either  coffee  or  chicory.  If  the 
reagents  named  act  clearly  in  a  different  manner  upon  any  infusion 
from  what  they  do  upon  pure  coffee,  a  presumption  of  adulteration 
is  obtained,  but  the  indications  must  be  of  a  positive  and  specific 
nature  fully  to  establish  adulteration. 

8.  Coffee  was  submitted  to  the  usual  process  of  distillation  with 
soda-lime  for  the  determination  of  its  nitrogen.  The  proportion 
of  nitrogen  per  cent,  was,  in  coffee.  Sample  1  (Table  YII.), 
roasted,  2*93  ;  in  Sample  2,  roasted,  2*62  ;  in  Sample  3,  raw,  2*53, 
roasted,  2*70;  in  Sample  4,  raw,  2-71  ;  in  Sample  5,  raw,  2*50, 
roasted,  2 '49.  The  proportion  of  nitrogen  in  roasted  coffee  appears 
therefore  to  lie  between  2^  and  3  per  cent. 

The  nitrogen  in  a  specimen  of  foreign  chicory  amounted,  in  the 
raw  chicory,  to  I'ol  percent. ;  in  the  same  roasted,  1'42  percent. 
The  same  of  English  growth  gave,  in  the  raw  state,  1*86  per  cent, 
of  nitrogen;  and  in  the  roasted  state,  1"74  per  cent. 

Tlie  proportion  of  nitrogen  in  coffee  is  therefore  greater  than 
in  chicory  ;  but  the  difference  is  not  sufficiently  marked  to  distin- 
guish the  two  substances  easily  from  each  other.  The  conclusion 
may,  however,  be  drawn,  that  less  than  2  per  cent,  of  nitrogen  in 
coffee  is  a  strong  presumption  of  adulteration. 

We  may  now  advert  to  the  peculiar  and  characteristic  sub- 
stances found  in  coffee,  and  the  aid  to  be  derived  from  them  in  the 
discovery  of  adulteration. 

9.  Professor  Kochleder,  who  has  devoted  great  attention  to 
the  analysis  of  coffee,  gives  the  following  enumeration  of  the  sub- 
stances found  in  the  raw  coffee-bean,  with  the  formula  of  their 
elementary  composition  : — 


C. 

H. 

0. 

N. 

Woody  fibre       .         .         .         . 

12 

10 

10 

Cane  sugar 

12 

11 

11 

'  Palmitic  acid     . 

32 

32 

4 

Fat  -    Oleic  acid 

36 

34 

4 

Glycerine 

6 

8 

6 

Legumin    .... 

48 

36 

14 

6 

Caffeic  acid 

.     16 

7 

6 

Caffeine     .          .          .          .          . 

16 

10 

4 

4 
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To  these  E-oclileder-had  lately  added  citric  acid  (C12H.O11  + 
3  HO),  in  the  small  proportion  of  2  grains  in  a  ponnd  of  coffee  ; 
also  a  trace,  too  small  to  be  estimated  by  weight,  of  viridic  acid 
(Cj^HgO-).  This  last  snbstance  is  the  acid  obtained  by  exposing 
solutions  of  the  neutral  and  basic  caffeates  to  the  influence  of  the 
air.  Tne  green  colour  of  raw  coffee  is  believed  by  Kochleder 
to  be  owing  to  a  small  quantity  of  viridate  of  lime. 

The  evidence  upon  which  Rochleder  rests  the  existence  of 
palmitic  and  citric  acids  in  coffee  does  not  appear  to  us  quite 
decisive.  The  formula3  given  by  that  chemist  for  both  cafteic  and 
viridic  acids  are  doubtful. 

It  is  also  stated  by  Rochleder,  that  when  dried  caffeic  acid  is 
submitted  to  destructive  distillation,  a  small  quantity  of  crystals 
were  obtained,  which  he  considered  to  be  pyrocatechine.  The  ex- 
periment repeated  by  us  on  a  considerable  scale  gave  a  negative 
result. 

liochleder  finds  caffeic  acid  in  Paraguay  tea  (^Hex  Para- 
guayensis),  as  well  as  in  coffee.  This  statement  we  must  also 
doul3t.  The  acid  of  the  Paraguay  tea  has  been  examined  by  us, 
and  found  to  have  a  certain  resemblance  to  caffeic  acid,  but  not 
to  be  identical  with  it.  Free  cafteic  acid,  when  strongly  heated  in 
an  open  vessel,  emits  the  peculiar  odour  of  roasted  coffee  ;  but  the 
acid  from  Paraguay  tea  emits  a  perfectly  different  odour  when 
similarly  treated. 

The  sugar  of  coffee  may  be  inferred  to  exist  in  a  peculiar  con- 
dition, as  was  before  hinted,  from  the  fact  that  when  the  coffee 
is  roasted,  none  of  its  sugar  appears  to  be  converted  into  grape- 
sugar,  as  it  does  not  affect  Trommer's  test;  Avhile,  when  7  grains 
of  cane-sugar  were  added  to  100  grains  of  coffee,  and  the  whole 
roasted  in  the  usual  way,  abundant  indications  of  grape-sugar  were 
obtained  by  the  same  test. 

M.  Pay  en  gives  the  proportional  quantities  of  the  different 
substances  which  he  finds  in  raw  coffee  as  follows : — 

Cellular  tissue 34-000 

Hygroscopic  water    .....   12-000 

Fats  .....  10-  to  13-000 

Starch,  sugar,  dextrin,  and  vegetable  acids  15-500 
Legumin  .......      1*000 

Chlorogenate  of  potash  and  caffeine    .         .     3-500 
Nitrogenous  portion  .....     3*000 

Free  caffeine 0-800 

Thick  insoluble  ethereal  oil        .         .         .     0-001 
Aromatic  oil      .....  .     0-002 

Mineral  constituents:  potash,  lime,  mag- 
nesia, phosphorus,  sulphur,  silica,  and 
traces  of  chlorine  .....     6*697 
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Pay  en's  chlorogenic  acid  is  the  same  as  the  caffeic  acid  of 
Rochleder  and  Pfaff.  Pay  en  believed  that  he  had  obtained 
from  coffee  a  crystalline  double  salt  of  this  acid,  containing  potash 
and  caffeine ;  but  this  observation  has  not  been  confirmed. 

The  proportion  of  fat  in  the  coffee  bean  is  remarkably  high, 
being  generally  stated  at  10  or  above  10  per  cent.  We  found  at 
least  8*9  per  cent,  of  fat  readily  extracted  by  ether.  In  chicory 
the  proportion  of  natural  fat  is  scarcely  appreciable  ;  but  it  is 
brought  up  by  the  fat  added  in  the  process  of  roasting  the  chicory. 

10.  Some  uncertainty  existing  respecting  the  proportion  of  the 
active  principle,  caffeine,  in  coffee,  the  point  was  particularly  in- 
quired into.  The  following  process  was  adopted : — The  raw  coffee 
was  ground  fine,  having  been  previously  well  dried  at  212°  to 
facilitate  that  operation.  A  decoction  was  then  made  of  1000 
grains,  by  the  repeated  application  of  boiling  water,  so  as  to 
exhaust  the  coffee  of  all  soluble  matter.  The  solution  was  con- 
centrated a  little  by  evaporation.  The  acid  of  the  coffee,  and 
certain  other  substances,  were  now  entirely  precipitated  by  the 
addition,  first,  of  the  neutral  acetate  of  lead,  and  then  of  the 
subacetate  of  lead.  These  insoluble  matters  were  removed  from 
the  liquid  by  filtration.  The  excess  of  lead  in  solution  was  then 
thrown  down  by  means  of  hydrosulphuric  acid. 

The  liquid,  after  this  prej^aration,  Avas  evapoi'ated  to  dryness, 
and  the  dry  matter  left  was  exhausted  by  means  of  strong  spirit 
of  wine  (sp.  gr.  0*840).  The  alcoholic  solution  was  concentrated 
by  evaporation,  and  allowed  to  stand  in  a  nearly  syrupy  state  for 
about  ten  days,  in  order  to  crystallise.  The  crystals,  which  are 
caffeine,  were  collected  upon  a  small  filter,  and  compressed  power- 
fully to  remove  the  mother  liquor.  These  crystals  were  redis- 
solved  in  a  small  quantity  of  water,  the  solution  evaporated,  and 
crystallised  anew.  It  gave  almost  nothing  but  caffeine,  in  long 
silky  white  needles,  with  little  or  no  colour.  The  proportion  of 
caffeine  obtained  in  five  experiments,  made  upon  different  samples 
of  coffee,  was  as  follows  :  — 

CAFFEINE    IN   RAW   COFFEE. 

In  Native  Ceylon  .         .         .     0-80  per  cent. 

,,  ,,  „  ...      U'oU      ,,         ,, 

J>  3J  »  ...        I'Ul       „  „ 

„  Plantation  Ceylon  .  .  .     0*54     ,,       „ 

))  >}  jj  •  •  •      yJ'oo      „        „ 

The  caffeine  of  the  wild  coffee  appears  to  exceed  that  of  the 
cultivated  plant ;  the  mean  proportion  of  caffeine  in  Native  Ceylon 
being  0'87  percent.,  and  in  Plantation  Ceylon  0*69  per  cent. 
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The  mean  avei-age  of  the  whole  five  samples  is  0*80  per  cent, 
of  caffeine.  Probably  the  actual  quantity  of  caffeine  in  the  coffee 
bean  is  from  0*75  to  1  per  cent.,  allowance  being  made  for  losses 
in  the  separation. 

The  proportion  of  theine  (or  caffeine)  in  tea  is  considerably 
greater,  and  more  easily  extracted.  Two  pounds  of  fine  strong 
Congou  yielded  2 "93  grains  of  theine,  or  2*09  per  cent. 

When  it  is  merely  desired  to  extract  caffeine  from  raw  or 
roasted  coffee,  without  reference  to  quantity,  the  general  process 
for  the  extraction  of  organic  bases  by  means  of  ether  suffices. 
Lime  is  added  to  the  infusion  of  coffee,  which  is  then  evaporated 
to  dryness  upon  a  water-bath.  The  extract  may  be  divided  by 
means  of  clean  sand,  and  then  agitated  with  ether.  The  caffeine 
crystallises  as  the  ether  evaporates,  or  it  may  be  re-dissolved  in 
water,  and  crystallised  again.  We  believe  that  the  caffeine  from 
10  per  cent,  of  coffee  in  a  mixture  might  be  extracted  in  sufficient 
quantity  for  its  identification  by  the  preceding  simple  process. 
Caffeine,  when  once  obtained,  is  fully  recognised  by  its  easy 
sublimation,  and  also  by  its  action  with  nitric  acid,  in  which  it 
resembles  uric  acid.  When  the  solution  of  caffeine  in  nitric  acid 
is  evaporated  to  dryness,  and  exposed  to  ammoniacal  gas,  it  is 
covered  by  a  pink  blush,  like  murexide. 

The  only  other  substances  besides  coffee  in  which  caffeine  is 
known  to  exist,  are  tea,  Paraguay  tea,  and  a  species  of  chocolate 
made  from  the  Gaurana  officinalis  or  Paullinia  sorbilis. 

11.  Chemists  generally  are  disposed  to  refer  the  flavour  and 
peculiar  properties  of  coffee,  as  a  beverage,  more  to  its  acid — the 
caffeic  acid  (particularly  after  that  substance  is  modified  in  its 
properties  by  roasting),  than  to  any  other  constituent  of  the 
seed.  Rochleder  considers  this  acid  as  belonging  to  the  tannin 
class  of  substances,  and  calls  it  tanno-caffeic  acid.  But  as  caffeic 
acid  does  not  precipitate  gelatine,  it  is  deficient  in  the  most 
characteristic  quality  of  the  tannic  acids.  Caffeic  acid,  in  the 
present  state  of  our  knowledge,  appears  to  be  confined  to  the 
coffee  plant. 

We  have  observed  a  property  of  caffeic  acid  which  facilitates 
the  detection  of  that  substance,  and  consequently  of  coffee,  in  a 
mixture.  Caffeic  acid  appears  to  be  analogous  to  kinic  acid,  the 
acid  of  cinchona  barks,  for  it  yields  kinone  when  oxidated  by 
means  of  sulphuric  acid  and  binoxide  of  manganese.  To  observe 
this  property,  the  coffee  is  boiled  with  water  and  a  little  slaked 
lime,  the  infusion  filtered,  and  evaporated  down  to  the  consistence 
of  a  syrup.  The  syrupy  liquid  is  then  mixed  in  a  retort  with 
four  times  its  weight  of  binoxide  of  manganese,  and  1  part  of  oil 
of  vitriol  diluted  with  an  equal  bulk  of  water.     Sufficient  heat  is 
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produced  by  the  action  of  sulphuric  acid  upon  the  other  materials, 
to  bring  over  the  greater  portion  of  the  kinone,  and  the  lamp  need 
not  be  applied  till  towards  the  close  of  the  operation.  The  dis- 
tillate consists  of  yellow  crystals  of  kinone,  which  usually  coat  the 
neck  and  sides  of  the  retort,  and  a  bright  yellow  liquid,  which  is 
a  saturated  aqueous  solution  of  kinone,  with  a  considerable  quantity 
of  formic  acid.  Kinone  is  easily  discernible  by  its  volatility  and 
peculiarly  acrid  odour,  which  greatly  resembles  that  of  chlorine. 
The  solution  of  kinone  gives  with  ammonia  a  sepia-black  colour, 
and  becomes  reddish-brown  with  hydrosulphuric  acid.  It  is  de- 
colorised by  sulphurous  acid.  The  beautiful  green  hydrokinone 
is  obtained  by  exactly  neutralising  the  solution  of  the  yellow 
kinone  with  sulphurous  acid,  great  care  being  taken  not  to  intro- 
duce the  latter  in  excess. 

The  peculiar  acid  of  Paraguay  tea  agrees  with  caffeic  acid  (to 
which  it  is  no  doubt  related)  in  yielding  kinone  to  similar  oxidising 
agencies :  so  does  the  acid  of  the  leaves  of  common  holly  (^Ilex 
aquifolhun),  tea,  and  the  whole  of  the  cinchona  tribe. 

^\\G,  prune  tribe  of  plants,  including  the  sloe,  cherry,  laurel,  &c., 
the  seeds  of  which  yield  prussic  acid,  all  contain  amygdalin,  or 
some  similar  principle.  Now  all  of  these,  when  oxidised  in  the 
same  manner  as  the  former  class,  yield  oil  of  bitter  almonds,  and 
so  can  be  recognised. 

The  luilloio  and  jwplar  tribe,  on  the  other  hand,  yield  oil  of 
Spirea  ulmaria  (salicylous  acid),  a  very  characteristic  substance. 

The  tests  for  kinone  can  be  applied  in  a  few  minutes,  and  they 
are  sufficient  to  indicate  the  presence  of  10  or  12  per  cent,  of 
coffee  in  a  mixture. 

12.  The  root  of  chicory  presents  no  feature  of  a  marked  nature, 
beyond  its  large  proportion  of  sugar  and  the  composition  of  its 
ash,  which  have  both  been  sufficiently  adverted  to.  The  pro- 
portion of  fat  naturally  in  the  root  is  quite  insignificant.  In  an 
infusion  of  the  fresh  undried  root,  neutral  acetate  of  lead  appears 
to  throw  down  the  whole  acids  of  chicory,  and  the  subacetate  of 
lead  produces  no  further  precipitate  in  the  liquid.  But  the  root 
appears  to  undergo  a  considerable  modification  by  being  dried  at 
a  temperature  not  exceeding  212°.  Its  infusion  now  gives  a 
second  precipitate  with  subacetate  of  lead  following  the  neutral 
acetate.  Both  of  these  precipitates  can  be  well  enough  washed ; 
but  when  the  attempt  was  made  to  decompose  either  of  them  by 
means  of  hydrosulphuric  acid,  a  mucilaginous  liquid  was  obtained, 
from  which  the  sulphide  of  lead  does  not  fall,  unless  Avith  a  con- 
siderable addition  of  alcohol.  The  acid  precipitates  appear  most 
indeterminate,  and  afford  nothing  crystalline.  A  great  deal  of 
pectin-looking    substance    is    present.      Chicory  also  appears    to 
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possess  about  one-fourth  of  the  quantity  of  inuhn  that  is  con- 
tained in  the  dahlia  root,  and  starcli  in  no  other  form,  the  infusion 
of  chicory  giving  only  a  brown  with  iodine,  and  no  blue.  Chicory 
appears  to  contain  no  oxalic,  malic,  citric,  or  any  other  crys- 
tallisable  organic  acid.  The  other  sweet  roots,  beet,  turnip,  &c., 
also,  like  chicory,  present  little  that  is  tangible  in  their  chemical 
properties.  But  the  high  colour  of  the  infusions  of  all  these  roots 
v/hen  roasted,  the  great  density  of  their  solutions,  and  their  fer- 
mentability,  afford  sufficient  means  for  distinguishing  them  from 
coffee,  and  for  discovering  their  admixture  with  that  substance. 

The  properties  of  a  great  variety  of  other  vegetable  substances, 
which  might  possibly  be  employed  in  the  adulteration  of  coffee, 
are  exhibited  in  the  early  tables  of  this  Report. 


On  Circumstances  nioaifjiuar  the  Action  of  Cbenilcal  AflSnity.* 
By  J.  H.  Gladstone,   Ph.D.,  F.R.S. 

It  is  amono;  the  facts  in  chemical  science  which  admit  of  no  dis- 
pute,  that  a  substance  frequently  shows  a  greater  tendency  to 
combine  with  one  body  than  with  another.  This  has  usually 
received  the  appellation  "elective  attraction,"  or  "  elective  affinity." 
It  is  also  perhaps  universally  allowed  that  the  manifestations  of 
this  elective  affinity  are  greatly  influenced  by  the  insolubility  or 
the  volatility  of  the  original  substances,  or  of  the  resulting  com- 
pounds. The  degree  of  temperature,  the  respective  masses  of  the 
different  substances,  the  presence  of  other  bodies,  and  many  cir- 
cumstances beside  these,  are  supposed  to  modify  the  result. 

The  attempt  has  frequently  been  made  to  construct  tables 
showing  the  relative  strength  of  affinity  of  different  substances  for 
some  particular  body,  and  Guy  ton  de  Morveau  even  en- 
deavoured to  give  a  numerical  expression  to  them.  In  treating  of 
this  subject,  the  elaborate  disquisition  of  Bergman,  "  De  Attrac- 
tionibus  Electivis,"  must  be  referred  to;  in  which  he  illustrates  at 
once  the  chemical  fact,  and  the  meaning  of  the  term,  by  supposing 
A  to  be  a  substance  united  to  c,  and  that,  on  the  addition  of  h, 
the  c  is  excluded,  and  the  union  of  the  latter  substance  with  A  is 
brought  about ;  In  which  case,  he  says,  h  has  a  stronger  elective 
attraction  for  A  than  c  has.  He,  in  common  with  most  chemists, 
both  of  his  own  and  of  later  times,  takes  it  for  granted  that  if  h 
decomposes   Ac,  it  does  so  completely.      The   Swedish  chemist 

*  Pliil.  Trans.  1855,  p.  179. 
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gives  the  results  of  nearly  2000  reactions  in  one  table,  the  first 
column  of  Avhicli  exhibits  the  following  substances  arranged 
according  to  their  affinity  for  sulphuric  acid,  commencing  with 
what  he  conceived  the  most  powerful : — baryta,  potash,  soda,  lime, 
magnesia,  ammonia,  zinc,  manganese,  iron,  lead,  tin,  cobalt,  copper, 
nickel,  bismuth,  arsenic,  mercury,  antimony,  silver,  gold,  platinum, 
alumina,  sesquioxide  of  iron,  water,  phlogiston.  The  suitability 
of  some  of  the  methods  employed  for  arriving  at  these  results,  has 
never,  as  far  as  I  know,  been  questioned ;  for  instance,  that  zinc 
has  a  stronger  affinity  for  sulphuric  acid  than  manganese,  or  iron, 
or  lead  has,  because  it  will  separate  any  one  of  these  metals  from 
its  solution  in  the  said  acid.  Other  methods,  however,  are  more 
open  to  objection, — such,  for  example,  as  that  which  led  Bergman 
to  place  baryta  at  the  head  of  the  series,  because  it  took  sulphuric 
acid  from  every  other  base.  To  such  deductions  as  this,  drawn 
from  precipitation,  it  may  be  objected  that  the  tendency  of  the 
two  bodies  to  combine  has  arisen  more  or  less  from  the  insolubility 
of  the  compound.  BerthoUet  adopted  this  view,  and  in  his 
"  Recherches  sur  les  Lois  de  I'Affinite  "  he  endeavoured  to  prove 
"  que  les  affinites  electives  n'agissent  pas  comme  des  forces 
absolues  par  lesquelles  une  substance  seroit  deplacee  par  une  autre 
dans  une  combinaison  ;  mais  que,  dans  toutes  les  compositions  et 
les  decompositions  qui  sont  dues  a  Taffinitc  elective,  il  se  fait  un 
partage  de  I'objet  de  la  combinaison  entre  les  substances  dont 
I'action  est  opposee,  et  que  les  proportions  de  ce  partage  sont 
determinees,  non  seulement  par  1  energie  de  I'affinite  de  ces  sub- 
stances, mais  aussi  par  la  quantite  avec  laquelle  elles  agissent,  de 
sorte  que  la  quantite  pent  suppleer  a  la  force  de  I'affinite  pour 
produire  un  meme  degre  de  saturation." 

These  two  conflicting  views  were  much  discussed  at  the  time 
when  they  were  propounded  ;  the  attention  subsequently  paid  to 
the  laws  of  stoichiometry  has  removed  much  of  the  difficulty  in 
which  the  subject  was  then  involved ;  Gay-Lussac  has  pointed 
out  the  erroneous  idea  of  cohesion  that  obscured  the  reasoning  of 
BerthoUet;  and  yet  the  amount  of  truth  contained  in  either  of 
these  opposite  opinions  remains  still  an  open  question. 

It  is  now  some  years  since  I  first  began  to  reason,  and  occasion- 
ally to  experiment,  upon  this  subject.  Since  that  time,  Malaguti 
has  published  a  paper  bearing  upon  it,  which  will  be  referred  to 
subsequently;  Bunsen  and  Debus  have  experimented,  and  in- 
dependently arrived  at  a  very  remarkable  law  ;  and  Williamson 
has  on  more  than  one  occasion  vindicated  the  views  of  Ber- 
thoUet. 

Bunsen*   exploded    together    carbonic    oxide,    hydrogen,  or 

*  Ann.  Ch.  Pharm.  Ixxxv.  137. 
E  4 
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cyanogen  with  oxygen,  and,  after  varying  lils  experiments  greatly, 
deduced  conclusions  tending  to  show  a  simple  atomic  relation  be- 
tween the  products  of  the  combustion,  and  a  sudden  transition 
from  one  ratio  to  another,  as  the  proportions  of  the  original  gases 
were  varied.  Debus  *  examined  the  phenomena  presented  in  the 
precipitation  of  a  mixture  of  the  hydrates  of  lime  and  baryta  by 
carbonic  acid,  and  of  the  hydrochlorates  of  these  earths  by 
carbonate  of  soda,  and  arrived  at  analogous  results. 

In  each  of  these  cases,  however,  the  first  j^roducts  of  the 
chemical  combination  were  removed  at  once  from  the  field  of 
action.  It  is  evidently  quite  another  case  wdien  the  products 
themselves  remain  free  to  react.  A  mixture  of  two  salts  in  solu- 
tion, which  do  not  produce  a  precipitate,  affords  a  case  where  this 
requisite  is  fulfilled.  Let  AB  and  CD  be  such  salts.  According 
to  the  one  view,  when  mixed,  they  will  either  remain  without 
mutual  action,  or,  should  the  afiinities  so  preponderate,  they  will 
become  simply  AD  and  CB,  the  excess  of  either  original  salt 
remaining  inactive.  According  to  the  other  view,  A  will  divide 
itself  in  certain  proportions  between  B  and  D,  while  C  will  do  the 
same  in  the  inverse  ratio,  the  said  proportions  being  determined 
not  solely  by  the  differences  of  energy  in  the  affinities,  but  also  by 
the  differences  of  the  quantities  of  the  bodies.  Again,  supposing 
the  latter  view  to  be  correct,  another  question  will  arise,  —  Does 
the  amount  of  AD  or  CB  produced  increase  in  a  gradual  manner 
with  the  relative  increase  of  AB ;  or  do  sudden  transitions  take 
place  under  these  circumstances,  such  as  Bunsen  and  Debus 
observed  in  their  expei'iments  ? 

It  was  to  the  elucidation  of  these  questions  that  I  applied 
myself.  In  the  majority  of  instances,  it  is  impossible  to  ascertain 
what  has  taken  place  when  a  mixture  of  the  kind  alluded  to  has 
been  made ;  but  the  physical  properties  of  salts  will  sometimes 
give  an  indication.  Colour  seemed  to  offer  the  best  means  of 
solving  the  problem ;  yet  even  here  a  difficulty  arose  from  the 
fact  that  many  bases,  such  as  nickel,  give  the  same-coloured 
solution  when  combined  with  different  acids,  and  vice  versa.  Ses- 
quioxide  of  iron,  however,  appeared  to  promise  good  results,  since 
many  of  its  salts  are  intensely  coloured,  while  others  are  almost 
colourless. 

FERRIC    SULPnOCTANIDE. 

If  a  soluble  sulphocyanide  be  mixed  with  a  ferric  salt,  a  red 
solution  results,  indicating  the  formation  of  the  ferric  sulpho- 
cyanide.      Suppose    three    equivalents    of  the   sulphocyanide  be 

*  Ann.  Ch.  Pharm.  Ixxxv.  103  ;  Ixxxvi.  156  ;  Ixxxvii.  238. 
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mixed  with  one  equivalent  of  the  metallic  salt,  we  have  the  exact 
proportions  theoretically  necessary  for  the  production  of  Fcg, 
38,  Cy.  The  first  question  to  be  solved  is,  —  In  such  a  case  does 
the  whole  of  the  iron  and  of  the  sulphocyanogen  combine  as  ferric 
sulphocyanide,  or  does  it  not?  If  13ergman's  view  be  correct, 
the  decomposition  will  be  in  accordance  with  the  following  simple 
formula  (E.d  standing  for  any  salt  radical,  and  M  for  any  metal) — 

Fe^  Rdg  +  3  M  SaCy  =  Fe^,  3  S^Cy  +  3MRd ; 

and  it  will  not  matter  what  metal  is  represented  by  M,  or  what 
salt  radical  by  Rd,  provided  only  that  a  double  decomposition  does 
take  place.  Besides  which,  the  addition  of  a  larger  quantity  of 
either  one  of  the  original  compounds  will  not  increase  the  colour ; 
for  there  is  but  one  sesquisulphocyanide  of  iron,  and  the  whole  of 
the  iron,  or  of  the  sulphocyanogen  (as  the  case  may  be),  has  been 
already  saturated.  If,  howevei'.  Berth ollet's  view  be  correct, 
the  decomposition  will  not  be  so  complete  as  to  form  merely 
Fe2,  3S2  Cy  and  3M  Rd,  but  in  addition  to  these  two  salts  there 
will  be  certain  portions  of  the  two  original  salts  still  remaining  as 
such  in  the  solution.  This  will  become  manifest  by  an  amount  of 
colour  being  obtained  which  is  not  equal  to  what  would  have  been 
produced  had  the  whole  of  the  iron  entered  into  combination  Avith 
the  sulphocyanogen  :  and  the  requirements  of  the  theory  will  lead 
us  moreover  to  expect  that  the  amount  of  ferric  sulphocyanide 
(and  consequently  the  depth  of  colour)  will  depend  in  a  great 
measure  on  the  nature  of  ^I  or  Rd,  and  will  be  increased  by  each 
addition  of  either  the  soluble  sulphoc3anide  or  the  ferric  salt. 

The  following  were  the  preliminaries  for  the  complete  deter- 
mination of  this  question : — 

Aqueous  solutions  of  the  ferric  chloride,  nitrate,  sulphate, 
acetate,  and  citrate,  were  prepared  of  known  strength ;  as,  also,  of 
sulphocyanide  of  potassium,  barium,  and  mercury ;  of  hydro- 
sulphocyanic  acid,  and  of  various  potash  salts. 

In  order  to  compare  the  depth  of  colour  produced  on  the  ad- 
mixture of  these  solutions,  it  was  necessary  to  have  vessels  of 
colourless  glass  of  a  uniform  character.  Ordinary  precipitating 
glasses,  holding  about  five  ounces,  were  found  peculiarly  fitted  for 
the  purpose  :  being  blown,  and  not  moulded,  they  are  very  trans- 
lucent ;  they  are  easily  obtained  devoid  of  colour  ;  and,  although 
not  strictly  uniform  in  size,  it  was  easy  to  pick  out  a  sufficient 
number  which  would  furnish  every  requisite  for  the  experiment. 
This  was  tested  by  dividing  a  coloured  solution  into  two  equal 
parts,  and  pouring  one-half  into  one  glass,  and  the  other  half  into 
another :  if  the  two  solutions  appeared  then  of  a  perfect  equality 
of  tint,  nothing  more  could  be  desired.  When  two  or  more 
coloured  solutions  were  to  be  compared,  the   best  method  was 
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found  to  be  to  place  the  glasses  containing  them  on  a  stand  before 
the  window,  across  the  pane  of  which  was  stretched  a  piece  of 
tissue-paper  about  three  inches  in  depth.  The  expenments  were 
almost  always  performed  when  the  sun  was  shining,  but  not  on 
the  window  itself,  as  that  was  found  to  be  disadvantageous.  By- 
observing  the  coloured  solutions  against  the  evenly  illuminated 
tissue-paper,  most  exact  results  could  be  obtained,  especially  after 
a  little  practice.  If  the  object  was  to  observe  the  amount  of  dilu- 
tion necessary  to  reduce  one  coloured  solution  to  the  same  tint  as 
another,  distilled  water  was  added,  and  thoroughly  mixed  with  it, 
until  equal  bulks  of  the  two  solutions  appeared  alike.  The  amount 
of  water  added  was  of  course  easily  measured  in  a  graduated 
vessel.  My  own  observation  was  always  checked  by  that  of  my 
assistant ;  and  if  we  diftered,  I  generally  adopted  his  vicAV,  since, 
having  no  idea  of  what  result  was  to  be  expected,  his  judgment 
was  the  more  impartial.  I  may  also  state  in  this  place,  that  it  was 
found  unnecessary  to  let  a  freshly  mixed  solution  containing  a 
sulphocyanide  stand  any  length  of  time,  for  it  assiuned  instantane- 
ously its  proper  amount  of  colour  :  two  mixtures,  similarly  pre- 
pared, were  always  found  to  be  of  precisely  the  same  shade  ;  and 
everything  conspired  to  give  me  great  and  increasing  confidence 
in  the  validity  of  testimony  drawn  from  the  colour  of  a  solution. 

The  first  object  to  be  determined  evidently  was,  whether,  on 
mixing  three  equivalents  of  sulphocyanide  of  potassium  with  one 
equivalent  of  the  ferric  salt,  say  the  chloride,  the  full  depth  of 
colour  possible  from  the  combination  of  all  the  sulphocyanogen 
with  all  the  iron  was  actually  obtained.  That  this  was  not  the 
case  was  seen  at  once,  for  on  adding  to  such  a  mixture  either 
more  sulphocyanide  of  potassium,  or  more  chloride  of  iron,  the 
colour  was  increased.  This  showed  also  the  influence  of  mass, 
which  will  be  exhibited  quantitatively  in  due  course ;  but  before 
doing  so  it  is  necessary  to  advert  to  another  part  of  the  inquiry, 
viz. — 

The  dependence  of  the  amount  of  the  coloured  salt  on  the  nature 
of  the  other  substances  present  in  the  solution,  but  lohich  are  not  im~ 
7nediateli/  concerned  in  its  formation.  —  In  order  to  investigate  this 
point,  solutions  of  each  of  the  ferric  salts,  containing  exactly 
the  same  amount  of  iron,  were  mixed  with  the  sulphocyanide  of 
potassium  solution,  in  the  proportion  of  one  equiv.  of  the  former 
to  three  of  the  latter.  The  five  mixtures  were  .equally  diluted. 
At  a  glance  it  was  evident  that  a  widely  different  amount  of  red 
sulphocyanide  of  iron  had  been  formed.  The  solution  containing 
the  ferric  citrate  was  still  green ;  that  containing  the  acetate  Avas 
red,  but  by  no  means  deep  in  colour,  and  of  a  yellowish  tint ; 
while  those  containing  the  sulphate,  nitrate,  or  chloride,  were  of 
an  intense  red.     The  following  are  the  relative  amounts  of  dilu- 
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tion  required  to  bring  these  four  last-mentioned  solutions  to  the 

same  tint :  — 

3  equivalents  sulphocyan.  potassium +1  equivalent  ferric  nitrate 

diluted  to  100  parts. 
3  equivalents  sulphocyan.  potassium -f  1  equivalent  ferric  chloride 

diluted  to  89*4  parts. 
3  equivalents  sulphocyan.  potassium  +  1  equivalent  ferric  sulphate 

diluted  to  65-2  parts. 
3  equivalents  sulphocyan.  potassium +1   equivalent  ferric  acetate 

diluted  to  20  parts. 
The  numbers  100,  89*4,  65*2,  and  20  therefore  represent  the  rela- 
tive amounts  of  the  ferric  sulphocyanide  contained  in  these  several 
mixtures.* 

In  reference  to  the  mixture  of  ferric  citrate  with  sulphocyanide 
of  potassium,  the  question  presents  itself,  —  Does  absolutely  no 
interchange  take  place  between  them,  or  does  a  partial  though 
very  minute  formation  of  ferric  sulphocyanide  occur,  in  accordance 
both  with  the  law  of  Berthollet  and  the  analogy  of  the  other 
cases  ?  The  latter  conclusion  will  appear  probable  from  the  fol- 
lowing observations.  Although  the  yellowish-green  tint  of  the 
citrate  still  remains  after  the  addition  of  three  equivalents  of  the 
sulphocyanide,  six  equivalents  almost  remove  it,  and  a  larger 
quantity  renders  the  solution  colourless.  No  red  colour  ever 
appears  in  a  very  dilute  solution,  but  this  destruction  of  the  green 
appears  to  point  to  the  presence  of  a  sufficient  amount  of  the  com- 
plementary colour  to  neutralise  it ;  and  if  sulphocyanide  of  potas- 

*  After  this  paper  had  been  read,  the  following  note  was  appended:  —  That 
two  or  more  solutions  of  the  same  salt  in  the  same  solvent,  and  of  equal  depth 
of  colom",  are  of  the  same  strength,  requires  no  proof.  Hence  I  apprehend  no 
objection  can  be  raised  against  the  conclusion  that  the  gross  amounts  of  salt  dissolved 
in  the  different  solutions  are  directly  proportional  to  then-  volume.  But  it  may  be 
objected,  that  though  this  is  true  of  the  solutions  when  diluted  to  an  equality  of 
colour,  it  is  not  necessarily  true  of  the  solutions  before  they  were  diluted,  for  the 
solvent  may  exercise  some  chemical  action  on  the  coloured  salt,  absolutely  increasing 
or  diminishing  its  quantity.  Should  such  be  the  case,  it  appears  to  me  actually  the 
most  correct  plan  of  proceeding  to  reckon  the  result  when  the  solutions  of  the 
coloured  salt  are  of  equal  strength, — that  is  to  say,  when  the  solvent  is  in  each  case  ia 
the  same  proportion  to  the  dissolved  salt  ;  for  the  disturbing  influence  of  the  solvent 
is  thus  practically  got  rid  of,  by  its  reduction  to  au  equality  in  all  the  solutions  com- 
pared. 

There  is,  however,  a  more  serious  objection, — namely,  that  the  solvent  may  act  dif- 
ferently on  the  coloured  salt,  according  to  the  nature  or  the  quantity  of  the  colour- 
less salts  present  at  the  same  time  in  the  several  solutions  ;  or  that  these  salts  may 
act  differently  according  to  the  amount  of  solvent  with  which  they  are  conjoined. 
That  this  may  be  the  case  to  a  slight  extent  is  very  possible,  but  the  experiment 
recorded  on  page  79  shows  that  it  was  too  inconsiderable  to  be  appreciated  in  the 
cases  there  submitted  to  examination.  As  this  is  an  important  matter,  I  have 
repeated  the  experiment  in  a  great  variety  of  ways,  and  have  satisfied  my  mind  that 
the  amount  of  error  arising  from  this  cause  must  be  quite  insignificant  —  at  any  rate 
as  far  as  the  ferric  sulphocyanide  is  concerned.  The  slight  differences  that  do  occur 
are  rather  iu  the  character  than  in  the  interisity  of  the  coloiu-. 
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slum  be  added  in  large  excess  to  a  strong  solution  of  citrate  of 
iron,  an  unralstakeable  red  ensues. 

Similar  experiments  were  tried  in  which  the  same  ferric  salt 
was  employed,  but  dilFerent  sulphocyanldes.  Two  portions  of 
nitrate  of  iron,  each  representing  one  equivalent,  were  mixed,  the 
one  with  six  equivalents  of  sulphocyanide  of  barium,  the  other 
with  a  corresponding  amount  of  the  potassium  salt.  A  deep  red 
resulted  in  both  instances,  but  1000  gr.  meas.  of  the  solution  con- 
taining the  potassium  compound  required  the  dilution  of  that  con- 
taining the  barium  salt  to  only  880  gr.  meas.  to  bring  it  to  an 
equality  of  colour.  The  solution  of  sulphocyanide  of  mercury 
produced  a  scarcely  perceptible  reddening  when  added  to  the  ferric 
nitrate. 

These  experiments  suffice  to  show,  that  on  mixing  together 
solutions  of  soluble  sulphocyanldes  and  of  ferric  salts,  the  amount 
of  sesquisulphocj'anide  of  iron  formed  depends  in  a  great  measure 
on  the  nature  of  the  substances  previously  combined  with  the 
sulphocyanogen  and  with  the  metallic  oxide.  The  question 
naturally  arises,  —  Does  the  converse  of  this  hold  good?  If  a 
solution  of  sesqulsulj)hocyanlde  of  iron  be  mixed  with  some  other 
salt,  not  capable  of  forming  a  precipitate  with  it,  will  that  also 
cause  the  distribution  of  the  elements  into  four  salts,  manifesting 
itself  by  a  diminution  of  the  colour?  and  if  so,  will  that  vary 
accordino;  to  the  nature  of  the  other  salt  ? 


I.                   II. 

in. 

rv. 

Volume  of  original  solution  +  salt  added    . 

70  m. 

64  m. 

34  m. 

60  m. 

Mixture  containing  the  nitrate    . 
Mixture  containing  the  chloride 
ISIixture  containing  the  sulphate 
Mixture  containing  tlie  acetate 
Mixture  containing  the  citrate    . 

80 

90 

150 

270 

trace  of  red 

77 

90 

160 

220 

green 

41 

56 

124 

164 

62 

68 

85 

120 

Six  equal  portions  of  as  pure  sesquisulphocyanide  of  iron  as 
could  be  prepared  were  taken :  one  was  kept  as  a  standard  ;  to 
the  other  five  were  added  respectively  equal  portions  of  the  nitrate, 
hydrochlorate,  sulphate,  acetate,  and  citrate  of  potash.  In  each 
case,  the  colour  was  reduced.  Column  I.  in  the  annexed  table 
shows  the  amount  to  which  the  standard  had  to  be  diluted  before 
it  was  brought  down  to  an  equality  in  colour  with  the  different 
mixtures.  Column  II.  represents  a  similar  experiment,  in  which 
a  red  mixture  of  one  equivalent  of  sesqulchlorlde  of  iron  and 
twelve  equivalents  of  sulphocyanide  of  potassuim  was  employed 
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instead  of  the  actual  ferric  sulphocyanide.  In  III.  a  mixture  of 
ferric  sulphate  and  sulphocyanide  of  potassium  was  employed ;  in 
IV.  the  same,  with  a  large  excess  of  sulphuric  acid. 

These  experhuents  might  be  varied  ad  infinitum,  all  proving 
the  influence  on  the  resulting  colour  of  the  nature  of  a  substance 
mixed  with  the  ferric  sulphocyanide.  Other  organic  acids,  such 
as  the  oxalic  and  the  tartaric,  were  found  to  reduce  the  red  very 
rapidly.*  As  might  be  expected,  also,  the  diversity  of  effect  is 
not  confined  to  differences  in  the  acid  present.  The  addition  of  a 
protosalt  of  iron  has  a  very  great  effect  in  reducing  the  colour  of 
the  ferric  sulphocyanide  :  baryta  and  lime  salts  act  powerfully. 
A  solution  of  chloride  of  mercury  (as  was  observed  long  ago) 
very  speedily  removes  the  colour. 

The  colour  of  a  mixture  not  dependent  on  the  manner  in  tvhich 
the  constituents  ivere  originally  arranged. — On  more  closely  exa- 
mining the  above  results,  it  will  be  seen  that  whether  ferric 
citrate  be  mixed  with  sulphocyanide  of  potassium,  or  ferric  sul- 
phocyanide with  citrate  of  potash,  the  resulting  liquids  contain 
but  the  merest  trace  of  the  red  salt ;  it  appears  also  that  the 
deepest  colour  is  obtained  on  mixing  either  ferric  nitrate  Avitli 
sulphocyanide  of  potassium,  or  ferric  sulphocyanide  Avith  nitrate 
of  potash  ;  whilst  the  mixtures  containing  compounds  of  acetic, 
sulphuric,  and  hydrochloric  acids  are  intermediate  in  colour  In 
regular  order.  JNIercury  also  seems  to  exert  the  most  powerful 
affinity  for  sulphocyanogen  in  whatever  way  they  are  brought 
together.  This  suggests  the  conclusion  that  the  amount  of  sul- 
phocyanide of  Iron  in  a  mixture  of  salts  does  not  depend  on  the 
manner  in  Avhich  the  different  substances  were  at  first  combined. 
The  experiment  above  described  was  Incapable  of  affording  a 
quantitative  demonstration  of  this,  as  a  perfectly  pure  and  definite 
sulphocyanide  of  iron  was  not  obtained  ;  but  the  following  ar- 
rangement was  made  to  put  It  to  a  rigid  test.  Two  mixtures 
were  made  of  the  solutions  of  known  strength,  so  that  each 
contained  one  equivalent  of  ferric  oxide,  three  equivalents  of 
potash,  three  equivalents  of  nitric  acid,  and  three  equivalents  of 
sulphuric  acid.  To  each  was  added  1-5  equiv.  of  sulphocyanide 
of  potassium.  The  colours  resulting  In  the  two  cases  were  so 
nearly  identical,  that  the  first  diluted  to  1770  gr.  meas.  just 
equalled  the  second  diluted  to  1820  gr.  meas.  Another  1-5 
equiv.  of  sulphocyanide  of  potassium  was  added  to  each.  The 
two  solutions  appeared  now  Identical  In  colour ;  they  certainly 
did  not  differ  by  1  degree  in  80.  The  amount  of  sulphocyanide 
of  potassium  In  each  was  then  doubled :  the  resulting  colours 
could  not  be  distinguished  from  each  other.     It  appears,  there- 

*  Pelouze  has  observed  the  different  effects  of  diflci-ent  acids,  Ann.  Chim.  et 
Phys.  xliv.  216. 
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fore,  that  it   makes  no  difference  Avhether   there   be   mixed    in 

solution 

Fe,0„  3NOg  +  3(KO,  803)  + SKS^  Cy  or  Fe^  O3,  3S03  +  3(KO, 

K0,)  +  3KS,  Cy. 

T'he  influence  of  the  mass  of  one  of  the  substances  that  produce 
the  coloured  salt.  —  The  influence  of  mass  has  yet  to  be  considered 
quantitatively.  For  this  purpose,  two  mixtures  were  prepared, 
each  containing  one  equiv.  of  the  ferric  nitrate,  and  three  equivs. 
of  the  sulphocyanide  of  potassium  solution.  They  were  both 
diluted  so  as  to  occupy  the  same  volume.  The  one  was  kept  as  a 
standard  of  comparison ;  with  the  other,  additional  portions  of 
sulphocyanide  of  potassium  were  mixed;  and  as  that  increased 
the  colour,  it  was  diluted  till  brought  to  an  equality  with  the 
standard  solution. 


PeiTic             Sulphocvan. 

Red  salt 

Feme            Sulpliocvan. 

Red  salt 

nitrate.          of  potassium. 

produced. 

nitrate.          of  potassium. 

i 

produced. 

1  equiv.  +    3      equivs. 

88 

1  equiv.  +    63  equivs. 

356 

1  equiv.  +    6      equivs. 

127 

1  equiv.  +    99  equivs. 

419 

1  equiv.  4-    9'6  equivs. 

156 

1  equiv. +  135  equivs. 

457 

1  equiv. +  12-6  equivs. 

176 

1  equiv. +  189  equivs. 

508 

1  equiv. +  16-2  equivs. 

195 

1  equiv. +  243  equivs. 

539 

1  equiv. +  19'2  equivs. 

213 

1  equiv. +  297  equivs. 

560 

1  equiv. +28-2  equivs. 

266 

1  equiv. +  375  equivs. 

587 

1  equiv. +46*2  equivs. 

318 

On  comparing  these  numbers,  it  will  be  at  once  evident  that 
each  addition  of  the  sulphocyanide  produced  relatively  a  smaller 
increase  of  colour.  In  the  full  paper,  these  results,  and  those  of  a 
similar  character  which  follow,  are  represented  by  curves,  of  which 
the  ordlnates  express  the  proportionate  amount  of  red  salt,  and  the 
abscissaj  the  number  of  equivalents  of  the  sulphocyanide  added. 

The  influence  of  mass  was  again  tried  by  means  of  additional 
portions  of  ferric  nitrate  instead  of  additional  sulphocyanide  of 
potassium.  The  following  are  the  results  of  the  observations 
reduced  as  before :  — 


Sulphocyan. 
of  potassium. 


Ferric 
nitrate. 


Red  salt 
produced. 


3  equivs,  +  1  equiv. 
3  equivs.  +  2  equivs. 
3  equivs.  +  3  equivs. 
3  equivs. +4  equivs. 


88 
110-5 
122 
131 


Sulphocyan. 
of  potassium. 


Fen-ic 
nitrate. 


3  equivs.  +  5  equivs. 
3  equivs.  +  6  equivs. 
3  equivs.  +  10  equivs. 
3  equivs.  +  14  equivs. 


Red  salt 
produced. 


138 
144 
161 
174 
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It  Is  not  difficult  to  bring  this  experiment  Into  uniformity  with 
the  preceding  so  as  to  form  in  fact  a  continuation  of  it,  one  equiv. 
of  ferric  nitrate  being  combined  with  less  than  three  equivs.  of 
sulphocyanide  of  potassium.  For,  expressing  the  number  of  equi- 
valents of  the  Iron  salt  by  x,  and  the  comparative  amount  of  ferric 
sulphocyanide  by  y,  the  general  formula  of  the  terms  in  the  above 
table  will  be,  K  denoting  the  potassium  and  F  the  iron  salt,  — • 

3K  +  xF=y, 

which  may  evidently  be  reduced  to  a  unity  of  F  by  dividing  by  x, 
thus  — 

f+2k=^. 

X  X 

On  this  principle  the  experiment  may  be  thus  tabulated :  — 


Ferric 
nitrate. 


Sulphocj'an. 
of  potassiiiin. 


1  equiv.  +  3        equivs. 

1  equiv.  +  1  '5    equiv. 

1  equiv.  +  1        equiv. 

1  equiv. +  0'75  equiv. 


Red  salt 
produced. 


88 

55-25 
40-66 
32-75 


Ferric 

nitrate. 


Sulphocyan. 
of  potassium. 


1  equiv.  +  0-6    equiv. 

1  equiv.  +  0-5     equiv. 

1  equiv. +  0-3     equiv. 

1  equiv. +  0-21  equiv. 


Red  salt 
produced. 


27-6 
24 
16-1 
12-43 


It  need  scarcely  be  explained,  that  had  the  whole  of  the  sul- 
phocyanogen  present  In  the  above  experiment  united  itself  with 
the  Iron,  the  second  term  would  have  indicated  44  degrees  instead 
of  55-25,  the  third  29*33,  and  so  on. 

In  order  to  confirm,  by  a  more  direct  experiment,  the  result 
just  arrived  at,  two  mixtures  were  made,  consisting  of  1  equiv.  of 
ferric  nitrate,  and  0-24  equiv.  of  sulphocyanide  of  potassium.  The 
experiment  was  conducted  as  in  the  previous  cases. 


FeiTic            Sulphocyan. 

Red  salt 

Ferric           Sulphocyan. 

Red  salt 

nitrate.          of  potassium. 

produced. 

nitrate.         of  potassium. 

produced. 

1  equiv.  +  0*24  equiv. 

19 

1  equiv.  +    3-57  equivs. 

97-8 

1  equiv.  4-0-48  equiv. 

29-7 

1  equiv.  +    4-44  equivs. 

108-2 

1  equiv. +0-78  equiv. 

39-4 

1  equiv.  +    5-58  equivs. 

119 

1  equiv. +  1-05  equiv. 

48-7 

I  equiv.  +    7-08  equivs. 

134-3 

1  equiv.  +  1-31  equiv. 

60-2 

1  equiv.  +    8-64  equivs. 

147-3 

1  equiv. +  1-83  equiv. 

69 

1  equiv. +  10-29  equivs. 

158-1 

1  equiv. +  2-22  equivs. 

76-5 

1  equiv. +  11-79  equivs. 

167-8 

1  equiv. +2-88  equivs. 

86-3 
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The  regularity  of  this  increase  of  colour  (as  exhibited  to  the 
eye  in  the  curves)  is  a  proof  that  no  law  obtains  under  the  cir- 
cumstances of  the  experiment,  similar  to  that  observed  and  enun- 
ciated by  Buns  en.  There  is  nowhere  any  sudden  increase  in 
the  amount  of  ferric  sulpliocyanide  formed.  If  the  partition  of 
the  bases  and  acids  in  the  mixture  really  take  place  at  first  in 
atomic  propoi'tious,  it  is  evident  that,  being  at  full  liberty  to  act 
and  react,  the  salts  arrange  themselves  according  to  their  respective 
mass,  without  reference  to  their  respective  atomic  weights. 

The  effect  of  mass  on  the  formation  of  ferric  sulphocyanide  In  a 
mixture  of  salts,  where  other  substances  replaced  the  nitric  acid 
or  the  potash,  was  also  tried. 

The  two  following  tables  represent  similar  experiments  with 
the  ferric  sulphate  and  chloride. 


Ferric             Sulphocjan. 

Red  salt     ^ 

Ferric             Sulpbocyan. 

Red  salt 

sulphate.        of  potassium. 

produced.  ' 

sulphate.         of  potassium. 

produced. 

1  equiv.  +    3  equivs. 

88 

1  equiv.  +   45  equivs. 

318 

1  equiv.  4-    6  equivs. 

128 

1  equiv.  +    57  equivs. 

355 

1  equiv.  +    9  equivs. 

153 

1  equiv.  ■\-   69  equivs. 

390 

1  equiv. +  12  equivs. 

177 

1  equiv.  +    81  equivs. 

418 

1  equiv. +  15  equivs. 

198 

1  equiv.  +    93  equivs. 

440 

1  equiv. +  20  equivs. 

223 

1  equiv.  +  105  equivs. 

458 

1  equiv.  +  24  equivs. 

241 

1  equiv.  +  123  equivs. 

486 

1  equiv.  +  30  equivs. 

263 

1  equiv.  +  147  equivs. 

513 

1  equiv.  4-36  equivs. 

288       : 

1  equiv.  +  195  equivs. 

538 

Ferric 
chloride. 


SulphocTan. 
of  potassium. 


Red  salt 
produced 


1  equiv.  +  3  equivs. 
1  equiv.  +  9  equivs. 
1  equiv. +  15  equivs. 
1  equiv. +  21  equivs. 
1  equiv. +  28*8  equivs. 
1  equiv. +41*4  equivs. 
1  equiv. +  53'4  equivs. 


148 
190 
216 
246 
286 
312 


Feme 
chloride. 


Sulphocyan. 
of  i^otassium. 


1  equiv.  +  65*4  equivs. 
1  equiv.  +  83-4  equivs. 
1  equiv.  +  107*4  equivs. 
1  equiv.  +  131-4  equivs. 
1  equiv.  +  155  "4  equivs. 
1  equiv.  +  1 9 1  '4  equivs. 
]  equiv.  +  239*4  equivs. 


Red  salt 
produced. 


338 
370 
400 
428 
456 
488 
528 


A  glance  at  these  tables  will  show  that,  although  the  actual 
amount  of  ferric  sulphocyanide  produced  from  the  same  quan- 
tity of  the  sesquinitrate,  chloride,  or  sulphate  of  iron,  varies  greatly^ 
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yet  the  increase  of  colour  on  the  addition  of  more  sulphocyanide 
of  potassium  maintains  a  somewhat  similar  ratio  in  each  case. 
The  variations  that  do  exist,  arise,  I  am  disposed  to  think,  mainly 
from  errors  in  the  experiment;  and  this  opinion  is  founded  not 
only  on  the  observations  above  detailed,  but  upon  others  of  a 
shorter  range,  Avhich  it  was  not  considered  necessary  to  record, 
especially  as  the  three  given  were  the  last  of  their  respective 
kinds  which  I  made,  and  on  that  account,  I  believe,  w^orthy  of 
the  greater  reliance.  None  of  the  others,  I  may  remark,  differed 
materially  from  them. 

I  have  in  vain  endeavoured,  by  the  aid  of  my  friend,  Mr. 
Henry  Watts,  to  find  an  equation  which  will  resolve  the  curves 
deduced  from  the  above  observations.  They  do  not  appear  to 
belong  to  the  second  order. 

For  the  purpose  of  seeing  whether  the  same  ratio  was  main- 
tained where  a  much  smaller  proportion  of  red  sulphocyanide  was 
formed,  the  experiment  was  repeated  with  the  ferric  acetate. 


Ferric          Sulphocyan. 
acetate.        of  potassium. 

Red  salt 
produced. 

Ferric          Sulphocyan. 
acetate.        of  potassium. 

Red  salt 
produced. 

1  equiv.  +  1  equiv. 
1  equiv.  +  3  equivs. 
1  equiv. +  5  equivs. 
1  equiv.  +  7  equivs. 
1  equiv.  +  9  equivs. 

62-4 

88 
108 
133 

187 

1  equiv,  +  11  equivs. 
1  equiv. +  13  equivs. 
1  equiv. +  15  equivs. 
1  equiv.  +  19  equivs. 

232 
304 
352 
398 

Here  we  have  not  only  an  entirely  different  ratio,  but  one  of 
an  irregular  character.  It  is  evident  there  is  some  interferins: 
action ;  what  that  is  will  be  seen  when  the  ferric  acetate  itself  is 
made  the  subject  of  experiment. 

A  similar  experiment  on  the  influence  of  mass  was  tried  with 
hydrogen  in  the  place  of  potassium. 


Ferric        Hydrosulpho- 

Red  salt 

Ferric         Hydrosulpho- 

Red  salt 

nitrate.          cyanic  acid. 

produced. 

nitrate.          cyanic  acid. 

produced. 

1  equiv.  +    2  equivs. 

66 

1  equiv.  +  20  equivs. 

288 

1  equiv.  +    4  equivs. 

108 

1  equiv.  +  24  equivs. 

315 

1  equiv.  +    6  equivs. 

142 

1  equiv,  +  30  equivs. 

353 

1  equiv.  +    8  equivs. 

168 

1  equiv. +  38  equivs. 

400 

1  equiv. +  12  equivs. 

217 

1  equiv.  +  46  equivs. 

440 

1  equiv.  +  16  equivs. 

257 
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The  ratio  here  is  regular,  but  more  rapid  than  in  the  case  of 
the  potassium  salt. 

Method  of  determining  the  actual  amount  of  the  coloured  salt  in 
a  given  mixture.  —  From  the  experiments  above  recorded,  it  would 
seem  probable  that  no  amount  of  sulphocyanide  of  potassium  added 
to  a  ferric  salt  will  absolutely  convert  the  whole  of  it  into  the 
sesquisulphocyanide  of  iron.  Yet  we  can  easily  judge  where  this 
result  will  be  very  nearly  attained.  Thus  400  equivalents  of  the 
sulphocyanide,  added  to  one  of  tJie  ferric  nitrate,  must  give  a  close 
approximation.  A  somewhat  larger  quantity  will  do  the  same 
with  the  sulphate.  Indeed,  it  was  found  by  experiment  that  500 
equivalents  of  the  sulphocyanide  added  to  each  of  the  three  prin- 
cipal ferric  compounds,  caused  as  nearly  as  possible  the  same  in- 
tensity of  colour.  Such  a  mixture  was  made,  assumed  to  be  the 
proper  tint  for  an  equivalent  of  the  ferric  sulphocyanide,  and 
employed  as  a  standard.  Mixtures  were  then  made  of  three 
equivalents  of  sidphocyanide  of  potassium  with  one  equivalent 
of  the  various  ferric  salts,  each  occupying  330  gr.  meas.  The 
standard  red  was  then  diluted  till  it  was  equal  in  colour  to  these 
several  mixtures.  The  annexed  table  gives  the  different  amounts 
of  dilution  required. 

1  eq.  ferric  nitrate +  3  eq.  sulphocy.  of  potas.  1700  gr.  m. 
1  eq.  ferric  chloride  +  3  eq.  sulphocy.  of  potas.  1900  gr.  m. 
1  eq.  ferric  sulphate +  3  eq.  sulphocy.  of  potas.  2650  gr.  m. 
1  eq.  ferric  acetate  -|-  3  eq.  sulphocy.  of  potas.   7000  gr.  m.  (about). 

This  affords  us  the  elements  requisite  for  a  calculation  of  the 
actual  amount  of  ferric  sulphocyanide  present  in  each  of  these 
mixtures ;  and  had  it  been  desirable,  almost  every  observation 
given  above  might  have  been  thus  reckoned.  The  ratio  between 
the  volumes  of  the  diluted  standard  ferric  sulphocyanide,  and  that 
of  any  one  of  the  other  red  mixtures  (330  gr.  mens.),  gives  the 
ratio  between  one  equivalent  and  the  fractional  part  existing  in 
the  said  mixture.  The  four  observations  calculated  on  this  prin- 
ciple give  the  following  results :  — 

1  equiv.  ferric  nitrate  +  3  equivs.  sulphocyanide  of  potassium  give 

0'1941  equivalent  ferric  sulphocyanide. 
1  equiv.  ferric  chloride  +  3  equivs.  sulphocyanide  of  potassium  give 

0*1737  equivalent  ferric  sulphocyanide. 
1  equiv.  ferric  sulphate  +  3  equivs.  sulphocyanide  of  potassium  give 

0*1245  equivalent  ferric  sulphocyanide. 
1  equiv.  ferric  acetate  +  3  equiA's.  sulphocyanide  of  potassium  give 

0*0471  equivalent  ferric  sulphocyanide  (about). 

If  this  mode  of  reckoning  involve  no  fallacy,  the  proportion 
between  these  four  numbers  should  be  the  same  as  that  given  near 


MODIFYING    THE    ACTION    OF    CHEMICAL    AFFINITY. 


67 


the  commencement  of  this  inquhy,  where  the  colours  produced 
on  a  different  occasion  by  adding  three  equivalents  of  sulpho- 
cyanide  of  potassium  to  one  equivalent  of  the  ferric  salts,  were 
directly  compared.  That  they  do  agree  almost  exactly  will  be 
seen  from  the  following  table,  where  column  I.  gives  the  numbers 
of  the  former  experiment,  and  column  II.  those  of  the  last  calcu- 
lation reduced  to  the  same  unit  of  comparison. 


!    I. 

n. 

1 

equiv.    ferric  nitrate  +  3 

equivs. 

sulpho- 

cyanide  of  potassium    . 

. 

. 

100 

100 

1 

equiv.  ferric  chloride +  3 

equivs. 

sulpho- 

cyanide  of  potassium    . 

. 

. 

89-4 

89-5 

1 

equiv.  ferric  sulphate +  3 

equivs. 

sulpho- 

cyanide  of  potassium   . 

. 

. 

65-2 

64-2 

I 

equiv.  ferric   acetate +  3 

equivs. 

sulpho- 

cyanide  of  potassium   . 

• 

• 

20 

24-2? 

This  close  agreement  proves  not  only  the  correctness  of  the 
two  independent  experiments,  but  also  the  correctness  of  this 
method  of  reckoning  the  amount  of  the  coloured  salt  in  any  given 
mixture. 

Iirfluence  of  the  mass  of  a  substance  present  in  the  solution,  but 
u-hich  is  not  one  of  the  constituents  of  the  coloured  salt. — It  has 
already  been  remarked  that  the  addition  of  a  colourless  salt  will 
reduce  the  colour  of  a  solution  of  ferric  sulphocyanide.  The 
influence  of  mass  in  this  kind  of  action  remains  to  be  examined. 

A  mixture  was  made  of  ferric  sulphate  and  sulphocyanide  of 
potassium.  The  red  solution  that  resulted  contained  of  course 
sulphate  of  potash.  Successive  portions  of  a  solution  of  this  salt 
were  added,  and  the  amount  of  decomposition  effected  was  de- 
termined by  means  similar  to  those  employed  in  previous  experi- 
ments. 


Sulphate 

of  potash 

added. 


Water  added 

to  comparative 

solution. 


5  measures  =  22  measures. 
10  measures  =  38  measures. 
15  measures  =  52  measures. 
20  measures  =  67  measures. 


Sulphate 

of  potash 

added. 


Water  added 

to  comparative 

solution. 


30  measures  =  92  measures. 
40  measures=115  measures. 
60  measures=155  measures. 


This  action  then  proceeds  in  a  gradually  decreasing  ratio. 


F    2 
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These  very  diversified  experiments  have  put  to  a  rigid  test  the 
truth  of  Berthollet's  view.  Whatever  were  the  circumstances 
under  which  the  reactions  were  tried,  they  invariably  showed 
that  the  results  were  dependent  both  upon  the  nature  and  upon 
the  quantity  of  all  the  substances  in  solution. 


FERRIC    GALLATE. 

A  solution  of  gallic  acid  was  made  of  known  strength.  Equal 
portions  of  it  were  added  to  equal  portions  of  the  different  ferric 
salts. 

1  equivalent  ferric  nitrate  with  1  equivalent  gallic  acid  gave 
100  parts  of  black  salt. 

1  equivalent  ferric  chloride  with  1  equivalent  gallic  acid  gave 
88  parts  of  black  salt. 

1  equivalent  ferric  sulphate  with  1  equivalent  gallic  acid  gave 
70  parts  of  black  salt. 

1  equivalent  ferric  citrate  with  1  equivalent  gallic  acid  gave 
10?  parts  of  black  salt. 

The  mixture  containing  the  citrate  could  not  be  accurately 
compared  on  account  of  its  greenish  hue.  That  made  from  the 
acetate  was  of  an  intense  blue. 

When  single  equivalents  of  nitrate  of  iron  and  gallic  acid  were 
mixed,  a  solution  resulted  in  which  the  gallic  acid  had  to  such  an 
extent  combined  with  the  sesquioxide  of  iron,  that  the  addition  of 
several  equivalents  of  either  one  of  the  constituent  substances 
caused  a  scarcely  perceptible  increase  of  colour. 

The  ferric  chloride  was  then  tried. 


Ferric               Gallic 
chloride.              acid. 

Black  salt 
produced. 

Ferric              Gallic 
chloi-ide.               acid. 

Black  salt 
produced. 

1  equiv.  +  1  equiv. 
1  equiv.  +  2  e  qui  vs. 
1  equiv. +  3  equivs. 

88 
108 
120 

1  equiv.  +  4  equivs. 
1  equiv.  +  6  equivs. 

128 
133 

The  citrate  afforded  a  better  opportunity  of  obtaining  a  nume- 
rical result  representing  the  influence  of  the  mass  of  one  of  the 
constituents. 
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I'enic 
citrate. 


Gallic 
acid. 


1  eqiily.  + 

1  eqiiiv.  + 

1  equiv.  -f    y  equivs, 

1  equiv.  +  11  equivs 


5  equivs. 
7  equivs. 
9  equivs. 


Black  salt 
produced. 


155 
200 
237 
270 


Ferric 
citrate. 


Gallic 
acid. 


1  equiv.  +  1 3  equivs. 
1  equiv.  +  17  equivs. 
1  equiv.  +  25  equivs 
1  equiv.  +  33  equivs. 


Black  salt 
produced. 


297 
353 
445 
509 


Experiments  were  also  tried  with  gallate  of  potash  in  the  place 
of  gallic  acid. 

1  eq.  fer.  nit.      +  1  eq.  gal.  of  pot.  gave  100  parts  of  black  salt. 

1  eq.  fer.  chl.      +  1  eq.  gal.  of  pot.  gave    97  parts  of  black  salt. 

1  eq.  fer.  sulph.  +  1  eq.  gal.  of  pot.  gave    68  parts  of  black  salt. 

1  eq.  fer.  citr.     +  1  eq.  gal.  of  pot.  gave  a  blue  solution. 

1  eq.  fer.  acet.    +  I  eq.  gal.  of  pot.  gave  a  precipitate. 

A  mixture  of  single  equivalents  of  gallate  of  potash  and  ferric 
nitrate  gave  nearly,  but  apparently  not  quite,  the  same  depth  of 
colour  as  when  an  equivalent  of  gallic  acid  was  mixed  with  the 
same  iron  salt. 

Ferric  gallate  was  prepared  by  dissolving  the  hydrated  ses- 
quioxide  of  u'on  in  gallic  acid.  It  was  divided  into  two  equal 
parts,  to  one  of  which  successive  portions  of  hydrochloric  acid 
were  added,  while  the  other  was  diluted  after  each  addition  till  it 
had  been  reduced  to  the  colour  of  the  acid  mixture. 


Hydrochloric             ^^^*^''  ^^^f  *° 
acid  added.                   comparative 
solution. 

Hydrochloric 
acid  added. 

"Water  added 

to  comparative 

solution. 

1  measure  =3*4  measures. 

2  measures  =  6 '6  measures. 

3 '25  measures  = 
4  5    measures  = 

lO'l  measures. 
12-0  measures. 

It  requires  no  further   experiments  to   show    that   the  ferric 
gallate  bears  the  same  testimony  as  the  sulphocyanide. 


FERRIC    MECONATE. 

Similar  experiments  were  made  with  meconic  acid  and  the  iron 
salts.     After  mixing  these  substances,  it  was  found  necessary  to 
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allow  the  solutions  to  stand  a  minute  or  two  before  observation, 
in  order  that  the  full  colour  might  be  developed. 

1  eq.  ferric  nitrate    + 1  eq.  meconic  acid  (3H0,  C14  H^  O,^)  gave 
100  pai'ts  of  red  salt. 

1  eq.  ferric  chloride  + 1  eq.  meconic  acid  (3H0,  Cj^  H^  OjJ  gave 
96  parts  of  red  salt. 

1  eq.  ferric  sulphate +1  eq.  meconic  acid  (3H0,  Cj4  H^  Oj4)  gave 
72  parts  of  red  salt. 

1  eq.  ferric  citrate    +1  eq.  meconic  acid  (3 HO,  C14  H4  O^^)  gave 
42  parts  of  red  salt. 

1  eq.  ferric  acetate   +  1  eq.  meconic  acid  (3 HO,  C14  H^  0,4)  gave 
a  red  precipitate. 

The  influence  of  successive  additions  of  meconic  acid  to  a 
mixture  of  single  equivalents  of  that  substance  and  ferric  nitrate 
was  tried. 


Ferric 
nitrate. 


Meconic 
acid. 


1  equiv.  +  1  equiv. 
1  equiv.  -f-  2  equivs. 
1  equiv.  +  3  equivs. 


Red  salt 
produced. 


80 
76 


Ferric 
nitrate. 


Meconic 
acid. 


1  equiv.  +  4  equivs. 
1  equiv.  +  6  equivs. 
1  equiv.  +  8  equivs. 


Red  salt 
produced. 


75 
73 
74 


Here,  instead  of  finding  an  increase  of  colour,  as  might  have 
been  expected  by  analogy,  there  is  a  distinct  though  small  de- 
crease. On  examining  the  action  more  fully,  and  by  repeated 
experiments,  it  was  found  that  the  maximum  colour  was  obtained 
when  the  ferric  nitrate  and  the  meconic  acid  were  mixed  in  single 
equivalents  (or  rather,  in  the  proportion  of  1 2  atoms  of  the  former 
to  11  of  the  latter) ;  that  the  addition  of  more  ferric  nitrate  to 
such  a  mixture  did  not  notably  increase  the  colour;  that  the 
addition  to  it  of  0*25  equivalent  of  meconic  acid  made  little 
change  ;  and  that  a  greater  addition  caused  a  decided  diminution 
of  the  tint. 

A  mixture  of  one  equivalent  of  meconic  acid  with  one  equiva- 
lent of  sesquichloride  of  iron  was  examined  in  a  similar  manner. 
The  addition  of  meconic  acid  was  found  in  this  case  also  to  dimi- 
nish the  colour.  The  effect  of  successive  additions  of  the  ferric 
salt  was  more  particularly  tried. 
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Meconic               Ferric 

Eed  salt 

Meconic                 Ferric 

Eed  salt 

acid.                chloride. 

produced. 

acid.                  chloride. 

produced. 

1  equiv.  +  1     equiv. 

88 

1  equiv.  4    5  equivs. 

99 

1  equiv.  +  1-2  equiv. 

96 

1  equiv.  +    7  equivs. 

93 

1  equiv.  +  1  "8  equiv. 

108 

1  equiv.  +    9  equivs. 

99 

1  equiv. +  2  "6  equivs. 

118 

1  equiv.  +  13  equivs. 

119 

1  equiv. +  3 '8  equivs. 

106 

It  is  evident  that  there  is  some  action  which  twice  changes  the 
order  of  this  series. 

When  ferric  sulphate  and  meconic  acid  are  mixed,  it  requires 
about  seven  atoms  of  the  former  to  five  of  the  latter  to  produce 
the  greatest  intensity  of  colour.  It  then  just  about  equals  in 
tint  the  mixture  of  five  atoms  of  the  ferric  nitrate  with  the  same 
amount  of  meconic  acid,  and  made  up  to  the  same  volume. 

No  anaount  of  ferric  citrate  added  to  the  above-mentioned 
amount  of  meconic  acid  is  capable  of  bringing  the  colour  up  to 
that  of  the  former  mixtures. 

These  experiments  were  repeated  with  meconate  of  potash 
instead  of  the  acid. 

1  eq.  fer.  nitrate    +3K0,  C14  H^  O14  gave  100  parts  of  red  salt. 
1  eq.  fer.  chloride  +3K0,  C,^  H^  O14  gave    73  parts  of  red  salt. 
1  eq.  fer.  sulphate  +  3K0,  C,4  H4  0,4  gave    84  parts  of  red  salt. 
1  eq.  fer.  citrate     +3K0,  C14  H4  0,4  gave  a  trace  of  red  salt. 
1  eq.  fer.  acetate   +  3K0,  C14  H4  O14  gave  a  red  precipitate. 

These  proportions  differ  considerably  from  those  observed  where 
meconic  acid  itself  was  employed. 

The  effect  of  successive  additions  of  meconate  of  potash  to  the 
ferric  nitrate  was  also  tried. 


Ferric 
nitrate. 


Meconate 
of  potash. 


1  equiv.  +  0*33  equiv. 
1  equiv.  +  0-5  equiv. 
1  equiv.  +  0*8     equiv. 


Eed  salt 
produced. 


34 
50 
74 


Ferric 

nitrate. 


Meconate 
of  potash. 


1  equiv.  +  1  equiv. 
1  equiv.  +  1  '2  equiv. 
1  equiv.  +  1'5  equiv. 


Eed  salt 
produced. 


88 
84 
69 


Here  the  greatest  intensity  of  colour  evidently  occurs  when  about 
single  equivalents  are  mixed,  the  addition  of  a  larger  quantity  of 
meconate  of  potash  producing  a  rapid  diminution  of  the  colour. 
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The  same  was  observed  in  respect  to  the  ferric  chloride.  When 
single  equivalents  had  been  mixed,  the  addition  of  more  ferric 
salt  was  not  found  to  make  any  great  difference  in  colour.  This 
action,  however,  was  examined  quantitatively  by  means  of  the 
citrate. 


Meconate 
of  potash. 


Ferric 
citrate. 


1  equiv.  +  0*8  equiv. 

1  equiv.  +  1  '2  equiv. 

1  equiv.  +  1*8  equiv. 

1  equiv. +  2*6  equivs. 


Red  salt 
produced. 


97 
80 
69 
74 


Meconate 
of  potash. 


FeiTic 
citrate. 


1  equiv. +  3*8  equivs. 
1  equiv.  +  5  equivs. 
1  equiv.  +  7  equivs. 
1  equiv. +  9*2  equivs. 


Red  salt 
produced. 


102 
125 
154 
165 


Imagining  that  the  rapid  decrease  of  colour  manifested  when 
meconate  of  potash  was  added  in  excess  to  the  ferric  salt,  might 
be  due  to  the  formation  of  some  paler  double  compound,  I  added 
the  potash  salt  to  a  solution  of  pure  meconate.  The  colour  was 
greatly  diminished. 

These  results  show  satisfactorily  enough  that  the  amount  of 
meconate  of  iron  formed  depends  upon  the  nature  of  the  various 
substances  in  solution  ;  but  their  testimony  in  respect  to  the  mass 
of  these  substances  is  obscured  by  the  formation  of  these  double 
compounds.  Thinking  to  avoid  this  by  always  using  the  same 
amount  of  meconic  acid  and  iron,  and  yet  to  exhibit  the  effect  of 
mass,  the  following  experiments  were  performed.  Pure  meconate 
of  iron  was  treated  with  acetate  of  potash ;  it  was  quickly  re- 
duced to  a  pale  yellow.  Oxalate  or  phosphate  of  potash  had 
the  same  effect.  A  strong  solution  of  sulphate  of  soda  was 
tried  :  — 


Sulphate  of 
soda  added. 


Water  added  to 

comparative 

solution. 


5  measures  =16  measures. 
10  measures  =26  measures. 
20  measures  =  36  measures. 


Sulphate  of 
soda  added. 


Water  added  to 

comparative 

solution. 


40  measures  =58  measures. 
60  measures  =80  measures. 


Another  solution  of  meconate  of  iron  wa   similarly  treated  with 
dilute  hydrochloric  acid  :  — 
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Hydrochloric 
acid  added. 


Vrater  added  to 

comparative 

solution. 


2  measures  =  3  "6  measures. 

3  measures  =  5  measures. 
5  measures  =10  measures. 


Hydrochloric 
acid  added. 


Water  added  to 

comparative 

solution. 


7  measures 
9  measures 


15  measures. 
20  measures. 


It  is  evident,  that  although  a  reduction  of  the  amount  of  ferric 
meconate  always  takes  place,  there  is  some  cause  interfering  with 
the  regularity  of  the  decrease  of  colour. 

The  amount  of  ferric  meconate  depends,  therefore,  upon  the 
nature  and  upon  the  quantity  of  all  the  substances  present  at  the 
same  time  in  the  solution  ;  but  the  regularity  of  the  action  of  mass, 
which  was  observed  with  the  sulphocyanide  and  gallate,  is  not 
confirmed  in  this  instance. 

FERRIC    PYROMECONATE. 

Thinking  that  the  irregularity  in  the  influence  of  mass  might  be 
more  or  less  connected  with  the  tribasic  character  of  meconic  acid, 
it  occurred  to  me  that  an  examination  of  ferric  pyromeconate 
would  be  desirable,  since  pyromeconic  acid  is  monobasic,  and  yet 
strikes  an  intense  red  with  the  sesquioxide  of  iron,  and  in  many 
other  respects  resembles  the  substance  from  Avhich  it  is  derived. 

1  equivalent  ferric  nitrate  +  3  equivalents  pyromeconic  acid  gave 

100  parts  of  red  salt. 
1  equivalent  ferric  chloride  +  3  equivalents  pyromeconic  acid  gave 

86  parts  of  red  salt. 
1  equivalent  ferric  sulphate  +  3  equivalents  pyromeconic  acid  gave 

39  parts  of  red  salt. 
1  equivalent  ferric  citrate  +  3  equivalents  pyromeconic  acid  gave 

27  parts  of  red  salt. 
1  equivalent  ferric  acetate  -f  3  equivalents  pyromeconic  acid  gave 

a  red  precipitate. 

1  equivalent  ferric  nitrate  +  3  equivs.  pyromeconate  of  potash  gave 

100  parts  of  red  salt. 
1  equivalent  ferric  chloride  +  3  equivs.  pyromeconate  of  potash  o-ave 

74  parts  of  red  salt. 
1  equivalent  ferric  sulphate  +  3  equivs.  pyromeconate  of  potash  gave 

36  parts  of  red  salt. 
1  equivalent  ferric  citrate  +  3  equivs.  pyromeconate  of  potash  gave 

26  parts  of  red  salt. 
1  equivalent  ferric  acetate  +  3  equivs.  pyromeconate  of  potash  gave 

a  red  precipita,te. 
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On  trying  the  influence  of  mass,  it  was  found  that  the  addition 
of  pyromeconic  acid  rapidly  diminished  the  colour  of  ferric  pyro- 
meconate ;  and  that  the  colour  was  the  deepest  when  the  base  was 
in  large  excess. 

Thinking  that  the  effect  of  a  colourless  salt  upon  the  red  pyro- 
meconate  might  display  more  clearly  the  influence  of  mass,  a 
mixture  of  ferric  chloride  and  pyromeconic  acid  was  experimented 
on  with  a  solution  of  sulphate  of  potash :  — 


Sulphate  of 
potash  added. 


Water  added  to 

comparative 

solution. 


3*7  measures=12'5  measures. 
11*2  measures  =  27*5  measures. 


Sulphate  of 
potash  added. 


Water  added  to 

comparative 

solution. 


20  measures  =  3 7 '5  measures. 
30  measures  =  47 '5  measures. 


The   monobasic   pyromeconate  appears,  therefore,  to  be   similar 
in  its  testimony  to  the  tribasic  meconate. 


FERRIC    ACETATE. 

Twelve  equivalents  of  acetate  of  potash  were  added  to  one 
equivalent  of  each  of  the  ferric  salts,  and  gave  the  following 
proportions :  — 

1  equivalent  ferric  nitrate  +  12  equivalents  acetate  of  potash  gave 

100  parts  of  red  salt. 
1  equivalent  ferric  chloride  +  12  equivalents  acetate  of  potash  gave 

139  parts  of  red  salt. 
1  equivalent  ferric  sulphate  +  12  equivalents  acetate  of  potash  gave 

112  parts  of  red  salt. 
1  equivalent  ferric  citrate   +12  equivalents  acetate  of  potash  gave 

no  red  salt. 

These  proportions  differ  greatly   from   those    which   have   been 
previously  observed. 

The  effect  of  successive  additions  of  acetate  of  potash  was  tried: — 


Ferric 
nitrate. 


Acetate 
of  potash. 


1  equiv.  +   3  equivs. 
■■  equiv.  +    6  equivs. 
9  equivs. 


1  equiv.  + 


1  equiv.  +  y  equivs. 
1  equiv. +  12  equivs. 
1  equiv. +  15  equivs. 


Red  salt 
produced. 


109 

109 

102 

96 


Ferric 
nitrate. 


Acetate 
of  potash. 


1  equiv.  +  21  equivs. 
1  equiv.  +  30  equivs. 
1  equiv. +  39  equivs. 
1  equiv.  +  48  equivs. 
1  equiv.  +  63  equivs. 


Red  salt 
produced. 


87 
64 
61 
52 
46 
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Here^  again,  as  in  the  case  of  the  meconate,  there  is  something 
producing  a  great  irregularity  of  action. 

To  a  mixture  of  one  equivalent  of  ferric  nitrate,  and  three  of 
acetate  of  potash,  successive  portions  of  the  iron  salt  were  added. 
They  rendered  the  mixture  much  paler,  reducing  it  at  last  almost 
to  the  colour  of  the  nitrate  itself. 

In  order  to  ascertain  whether  these  changes  of  colour  were  due 
to  the  formation  of  double  salts  containing  both  iron  and  potash, 
three  equal  portions  of  the  ferric  acetate  employed  in  the  previous 
experiments  were  treated  respectively  with  solutions  of  acetate  of 
potash,  acetic  acid,  and  water.  The  potash  salt  caused  a  slight 
increase  of  colour,  and  the  pure  acid  a  great  decrease,  as  compared 
with  the  effect  of  mere  dilution.  It  is  clear  that  there  exist 
different  combinations  of  acetic  acid  and  sesquioxide  of  iron ; 
indeed,  it  has  been  observed  before  by  others,  that  a  highly 
coloured  solution  of  ferric  acetate  will  spontaneously  deposit  red 
oxide  and  become  almost  colourless. 

The  ferric  acetate,  then,  confirms  Berthollet's  view,  but,  like 
the  meconate,  its  testimony  in  respect  to  the  influence  of  the  mass 
is  equivocal. 


FERRIC    FERROCYANIDE. 

The  ferric  ferrocyanide,  although  insoluble  in  pure  water,  is 
soluble  in  the  presence  of  oxalic  acid,  giving  a  deep  blue.  A 
mixture  was  made  of  a  known  amount  of  ferrocyanide  of  potas- 
sium with  that  acid,  and  it  was  added  to  the  various  ferric  salts. 
The  blue  from  the  nitrate,  chloride,  or  sulphate  was  very  intense ; 
the  mixture  containing  the  acetate  was  colourless  the  first  minute, 
but  gradually  became  blue ;  while  that  containing  the  citrate  also 
deepened  in  tint  on  standing.  After  remaining  about  two  hours, 
the  coloured  mixtures  were  in  the  following  proportions :  — 

1  equiv.  ferric  nitrate +  3  equivs.  ferrocyanide  of  potassium  gave 

100  parts  of  blue  salt, 
1  equiv.  ferric  chloride  +  3  equivs.  ferrocyanide  of  potassium  gave 

87  parts  of  blue  salt. 
1  equiv.  ferric  sulphate  +  3  equivs.  ferrocyanide  of  potassiiun  gave 

89  parts  of  blue  salt. 
1  equiv.  ferric  acetate  +  3  equivs.  ferrocyanide  of  potassium  gave 

45  parts  of  blue  salt. 
1  equiv.  ferric  citrate  +  3  equivs.  ferrocyanide  of  potassium  gave 

60  parts  of  blue  salt. 

The  effect  of  mass  was  also  tried.  The  addition  of  more  ferro- 
cyanide of  i)otassium   to   a   mixture  of  one  equivalent  of  ferric 
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nitrate  and  three  of  the  ferrocyanide  produced  no  appreciable 
increase  of  colour.  With  the  citrate,  however,  the  following 
numerical  results  were  obtained  :  — 


Ferric 
citrate. 


FeiTOcyanide 
of  potassium. 


1  equiv.  -f  3  equivs. 
1  equiv.  +  6  equivs. 


Blue  salt 
produced. 


107 


Ferric 
citrate. 


Ferrocyanide 
of  potassium. 


1  equiv.  +    9  equivs. 
1  equiv.  +  15  equivs. 


Blue  salt 
produced. 


113 
120 


Acetate  or  citrate  of  potash  added  to  a  mixture  of  ferric  nitrate 
and  ferrocyanide  of  potassium  in  oxalic  acid,  produces  no  percep- 
tible change  at  the  moment  of  mixing :  but  a  decrease  of  colour 
becomes  apparent  after  a  few  minutes,  and  continues,  becoming 
more  and  more  marked  for  some  hours. 

The  ferrocyanide  then  bears  a  similar  testimony  to  the  truth  of 
Berthollet's  position  to  what  the  ferric  sulphocyanide  and  gal- 
late  do. 


FERRIC    COMENAMATE. 

Single  equivalents  of  comenamic  acid  (Ci2HgX08  +  4HO)  were 
mixed  with  single  equivalents  of  the  different  ferric  salts.  With 
the  nitrate,  chloride,  and  sulphate  it  gave  a  most  intense  purple, 
with  the  citrate  a  wine-red  solution,  and  with  the  acetate  a  pre- 
cipitate. 

The  three  purple  solutions  were  about  equally  deep  in  colour ; 
they  were  unaffected  by  the  addition  of  any  amount  of  iron  salt, 
but  were  reddened  by  the  addition  of  comenamic  acid.  The 
mixture  containing  the  citrate  was  uninfluenced  in  the  character 
of  the  tint,  and  almost  so  in  the  depth  of  it,  by  the  addition  of  any 
amount  of  either  the  acid  or  the  iron  salt.  It  was  quite  evident 
from  this,  that  comenamic  acid  has  a  great  tendency  to  combine 
Avith  sesquioxide  of  iron  in  place  of  water,  and  that  it  is  capable 
of  forming  two  distinct  compounds.  Indeed,  it  was  found  that 
one  equivalent,  or  less,  of  comenamic  acid  uniformly  gave  with 
one  equivalent  of  nitrate  of  iron  a  deep  bluish-purple  compound ; 
and  that  two  equivalents,  or  more,  gave  a  wine-red  compound ; 
whilst  any  proportion  intermediate  betw^een  one  and  two  equiva- 
lents gave  an  intermediate  tint. 

Coraenamate  of  potash  and  of  ammonia  gave  similar  results  to 
comenamic  acid  itself;  but  the  colour  produced  with  the  citrate 
at  least  was  not  so  deep.     The  following  were  the  ratios :  — 
1  equivalent  ferric  citrate  +  1  equivalent  comenamic  acid  gave 
5  parts  of  red  salt. 
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1  equivalent  ferric  citrate  +  1  equivalent  comen.  of  ammonia  gave 

4  parts  of  red  salt. 
1  equivalent  ferric  citrate  + 1  equivalent  comen.  of  potash  gave 

2*9  parts  of  red  salt. 

The  addition  of  citrate  of  Iron  to  a  mixture  of  single  equivalents 
of  It  and  comenamate  of  potash  caused  an  Increase  of  colour,  but 
no  amount  turned  tlie  solution  purple. 

Comenamic  acid,  then,  is  able  to  overcome  the  great  affinity  of 
citric  acid  for  ferric  oxide  only  so  far  as  to  produce  the  more  acid 
salt.  The  purple  comenamate  was  reddened  instantly  by  citrate 
of  potash,  yet  a  large  addition  of  that  substance  did  not  wholly 
destroy  the  colour. 

That  comenamic  acid  has  not  so  great  an  affinity  for  sesquloxide 
of  Iron  as  to  be  unaffected  by  the  presence  of  nitric,  hydrochloric, 
or  sulphuric  acid,  was  easily  demonstrated.  The  following  expe- 
riment illustrates  the  action  of  such  a  substance.  To  a  solution 
consisting  of  single  equivalents  of  ferric  chloride  and  comenamic 
acid,  successive  portions  of  hydrochloric  acid  were  added.  The 
original  mixture  was  bluish-purple. 


Hydrochloric 
acid  added. 

Colour  of  mixture. 

3  measures. 

Bluish  purple,  but  paler  by  an  amount  equiv. 
measures  of  water. 

to  25 

6  measures. 

Bluish  purple,  but  paler  by  an  amount  equiv. 
measures  of  water. 

to  40 

9  measures. 

Bluish  purple,  but  paler  by  an  amount  equiv. 
measures  of  water. 

to  54 

15  measures. 

Visibly  redder,  and   paler  by  an   amount  equiv.  to 

80?  measures  of  water. 

21  measures. 

Red  purple. 

31  measures. 

Pink. 

55  measures. 

Still  perceptibly  pink. 

The  affinity,  then,  of  comenamic  acid  for  sesquloxide  of  Iron, 
though  very  great,  is  Influenced  both  by  the  nature  and  by  the 
quantity  of  other  substances  present  In  the  same  solution. 


FERRIC  BROMIDE. 


Experiments  were  also  made  on  the  ferric  bromide.  The  iron 
salts  were  employed  without  dilution,  as  the  bromide  Itself  Is  but 
little  redder  than  the  chloride.     Three  equivalents  of  hydrobromic 
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acid  added  to  one  of  ferric  nitrate  produced  a  distinct  red  ;  added 
to  the  ferric  citrate,  they  produced  little  change  in  the  colour. 
Yet  the  bromine  has  evidently  a  great  tendency  to  combine  with 
the  iron ;  for,  though  the  addition  of  a  larger  quantity  of  hydro- 
bromic  acid  to  the  nitrate  did  perceptibly  increase  the  colour,  a 
maximum  effect  seemed  attained  when  only  about  twelve  equivalents 
were  added.  The  addition  of  twelve  equivalents  in  the  case  of 
the  citrate  produced  likewise  a  red  tint  similar  to  that  from  the 
nitrate.  Bromide  of  potassium  did  not  redden  the  ferric  citrate. 
Numerical  results  could  not  be  obtained  on  account  of  the  paleness 
of  the  colour. 


THE    FERRIC    SALTS    IN    GENERAL. 

Effect  of  mass  of  solvent. — In  connection  with  these  experiments 
on  ferric  salts,  it  becaiue  a  matter  of  interest  to  ascertain  Avhether 
changes  in  the  mass  of  water  itself  had  any  influence  on  the  com- 
position of  the  salts  contained  in  these  coloured  solutions. 

The  only  methods  which  occurred  to  me  of  obtaining  an  answer 
to  this  inquiry,  were,  to  ascertain  whether  dilution  caused  any 
greater  or  less  decrease  of  colour  in  some  substances  than  in  others 
of  the  same  tint ;  and  whether  the  decrease  of  colour  by  dilution 
was  uniform  in  the  same  salt,  by  whatever  mixture  it  might  be 
produced. 

It  has  frequently  been  noticed  that  a  red  solution  of  ferric 
sulphocyanide  is  reduced  by  the  addition  of  water  more  than  the 
simple  dilution  seemed  capable  of  accounting  for,  and  more  than 
the  red  meconate  is. 

To  ascertain  whether  this  is  really  the  case,  two  solutions,  the 
one  of  ferric  sulphocyanide,  the  other  of  ferric  meconate,  were 
made  up  to  the  same  depth  of  colour  and  the  same  volume,  each 
occupying  200  grain  measures  ;  they  were  then  equally  diluted  : 

200  gr.  m.  of  the  sulphocyanide  equalled  in  colour     200  gr.  m. 

of  the  meconate. 
400  gr.  m.  of  the  sulphocyanide  equalled  in  colour     730  gr.  m. 

of  the  meconate. 
720  gr.  m.  of  the  sulphocyanide  equalled  in  colour  2460  gr.  m. 

of  the  meconate. 
1440  gr.  m.  of  the  sulphocyanide  equalled  in  colour  7540  gr.  m. 

of  the  meconate. 

The  disparity  here  Is  very  great,  and  takes  place  at  an  increasing 
ratio. 

It  seemed  desirable  to  test,  if  possible,  whether  this  diversity 
was  due  entirely  to  the  sulphocyanide,  or  whether  the  meconate 
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might  not  also  be  departing  from  the  ratio  of  decrease  in 
colour  which  mere  dilution  would  cause.  For  this  purpose,  five 
solutions  were  taken  of  equal  bulk  and  of  the  same  depth  of 
colour.  They  consisted  respectively  of  meconate  of  iron,  a  mix- 
ture of  ferric  chloride  and  sulphocyanide  of  potassium,  port  wine 
and  water,  red  ink,  and  infusion  of  cochineal.  These  solutions, 
though  not  identical  in  colour,  were  sufficiently  near  for  the  pur- 
pose. On  repeated  dilution  of  each  with  equal  amounts  of  water, 
they  all  retained  the  same  colour  relatively,  except  the  sulpho- 
cyanide, which  became  yellowish  and  much  lighter. 

It  may  fairly  be  concluded,  then,  without  predicting  anything 
as  to  the  action  of  water  on  dry  salts,  that  large  quantities  of 
water  have  no  specific  action  on  meconate  of  iron,  but  that  in  some 
way  they  affect  the  sulphocyanide.  Is  this  a  mere  physical  effect 
upon  the  particular  colour ;  or  does  some  change  take  place  in  the 
composition  of  the  salt  itself?  In  order  to  test  whether  this 
action  of  water  was  influenced  by  the  presence  of  other  substances, 
red  solutions  of  equal  volume  and  equal  depth  of  colour  were 
prepared  by  the  following  admixtures: — ferric  chloride  with 
sulphocyanide  of  potassium  in  large  excess ;  sulphocyanide 
of  potassium  with  ferric  chloride  in  large  excess ;  ferric  nitrate 
with  sulphocyanide  of  potassium ;  the  same  salts  with  the  addition 
of  a  large  quantity  of  sulphate  of  potash  ;  sulphocyanide  of  potas- 
sium with  ferric  acetate  ;  ferrous  and  ferric  sulphocyanide  with 
sidphocyanide  of  lead ;  and  nearly  pure  sesquisulphocyanide  of 
iron.  On  repeated  dilution  with  equal  amounts  of  water,  these  all 
appeared  to  retain  the  same  relative  colour. 

It  seems,  then,  as  far  as  this  experiment  can  prove  it,  that  the 
action  of  water,  whatever  it  be,  is  exerted  equally  upon  red  sul- 
phocyanide of  iron,  with  whatever  other  substance  it  may  be 
mixed.  This  removes  any  doubt  that  might  have  rested  from  this 
cause  on  some  of  the  original  experiments  with  ferric  sulphocya- 
nide :  and  the  fact  that  those  experiments  were  always  compara- 
tive, leaves  little  ground  for  any  possible  objection. 

An  experiment  was  likewise  tried  in  order  to  determine  whether 
the  presence  of  other  substances  had  any  influence  in  the  dilution 
of  meconate  of  iron.  Solutions  were  taken  of  pure  ferric 
meconate,  and  of  mixtures  of  ferric  chloride  with  meconic  acid  ; 
of  the  same  with  meconate  of  potash,  both  in  large  excess  and 
otherwise  ;  of  ferric  nitrate  with  meconic  acid  ;  of  the  same  with 
meconate  of  potash  ;  and  of  ferric  citrate  with  meconic  acid.  On 
repeated  dilution  with  equal  amounts  of  water,  no  notable  differ- 
ence was  observed  in  the  relative  depths  of  colour  of  these  several 
solutions,  except  in  the  case  of  the  citrate,  which,  on  standing  for 
some  hours  after  dilution,  lost  colour  considerably.  The  red  also 
was  of  a  more  pure  crimson  where  there  was  nitric  acid. 
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Pyromeconate  of  iron  prepared  by  double  decomposition  was 
affected  in  colour  by  dilution  in  a  similar  manner  to  the  meconate. 
Water,  too,  seemed  to  have  the  same  effect  on  the  blue  ferrocya- 
nide  as  on  ammoniacal  sulphate  of  copper.  In  these  cases,  how- 
ever, the  salts  compared  were  not  of  precisely  the  same  tint. 

Relative  strength  of  affinity.  —  Having  considered  the  evidence 
borne  by  eight  coloured  and  sokible  ferric  salts  as  to  the  truth  of 
certain  views  of  the  laws  that  regulate  chemical  combination,  we 
have  found  their  testimony  on  the  main  points  uniform.  We 
may  now  go  further,  and  by  examining  the  results  above  given 
determine  the  relative  degree  of  affinity  exerted  by  the  different 
acids  for  sesquioxide  of  iron  as  compared  with  potash. 

The  following  is  the  order  of  affinity  of  the  different  acids 
ex[)erimented  with  for  sesquioxide  of  iron  and  an  equivalent 
amount  of  potash : — 

ron  as  compared  with  potash. 


Least  affinity  for  sesquioxide  of 

Hydrosulphocyanic  acid 
Nitric  acid 
Hydrochloric  acid 
Sulphuric  acid    . 
Gallic  acid 
Pyromeconic  acid? 
Meconic  acid  ?  . 
Acetic  acid 
Hydrobromic  acid 
Comenamic  acid 
Citric  acid 
Hydroferrocyanic  acid 

Greatest  affinity  for  sesquioxide  of  iron  as  compared  with  potash. 


1 

4 

5 

7 

10? 


20? 


100 
170? 


The  numbers  in  the  preceding  table  are  deduced  from  the 
experimental  data,  but  they  must  be  considered  as  only  rough 
approximations  to  the  truth.  The  notes  of  interrogation  indicate 
that  the  means  of  determination  were  themselves  open  to  doubt. 

Effect  of  differences  of  temperature. —  The  experiments  narrated 
in  this  paper  were  all  performed  at  the  ordinary  temperature. 
The  slight  changes  that  may  have  taken  place  in  that  respect  from 
one  day  to  another  were  incapable  of  affecting  visibly  the  coloured 
solutions.  Much  greater  variations  had  a  perceptible  effect,  but 
whether  this  ever  arose  from  changes  in  the  balance  of  affinities  I 
am  not  prepared  to  say. 

I  now  pass  on  to  consider  the  testimony  borne  by  other  coloured 
salts,  not  ferric  compounds,  in  respect  to  the  question  at  issue. 
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GOLD    SALTS. 

The  bromide  of  gold  is  of  an  intense  scarlet,  whilst  the  chloride 
is  of  a  yellow  colour. 

Pure  chloride  of  gold  free  from  hydrochloric  acid  was  prepared. 
To  a  portion  of  this,  three  equivalents  of  bromide  of  potassium 
were  added.  The  formation  of  the  scarlet  terbromide  of  gold  was 
so  complete,  that  the  addition  of  either  of  the  salts  employed 
caused,  singly,  too  small  an  increase  of  colour  to  be  readily  appre- 
ciated. Is  it  to  be  considered,  then,  that  the  decomposition  in  this 
case  has  been  complete?  may  it  be  represented  thus  — 

Au  CI3  +  3K  Br=Au  Br3  +  3K  CI? 

This  was  more  rigidly  tested  by  adding  chloride  of  potassium  in 
laro;e  excess  to  bromide  of  gold. 


Strong  chloride 

of  potassium 

added. 


Water  added  to 

comparative 

solution. 


5  measures  =  30  measures. 
10  measures  =  48  measures. 
20  measures  =  70  measures. 


Strong  chloride 

of  potassium 

added. 


Water  added  to 

comparative 

solution. 


35  measures  =  105  measures. 
50  measures  =135  measures. 
75  measures  =180  measures. 


Some  difficulty  was  felt  in  determining  the  last  numbers  of  this 
experiment,  from  the  fact  that  the  chloride  of  potassium  had  by  its 
great  excess  converted  nearly  the  whole  of  the  bromide  of  gold 
into  the  yellow  chloride,  or  still  paler  double  chloride. 

It  was  found  that  bromide  of  gold  was  reduced  in  colour  by 
very  small  quantities  of  hydrochloric  acid,  or  even  of  the  common 
yellow  crystals  of  the  chloride  of  gold,  which  are,  as  is  well 
known,  the  hydrochlorate  of  that  salt. 

These  gold  salts,  then,  have  afforded  a  good  example  of  the 
influence  of  mass  in  gradually  counterbalancing  and  overcoming 
a  strong  affinity. 


PLATINUM   SALTS. 

Neutral  bichloride  of  platinum  and  diffisrent  amounts  of  iodide 
of  potassium  were  mixed  in  a  series  of  vessels,  diluted  to  an 
equality  of  bulk,  and  allowed  to  stand  some  hours  for  the  colour 
to  develop  itself  properly  —  a  precaution  which  in  this  instance 
was  necessary.     The  following  were  the  appearances  noted :  — 
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Bichloride 

Iodide  of 

Character  of  mixture. 

of  platinum. 

potassium. 

1  equiv.  + 

0-5 

equiv. 

Very  pale  brown  solution. 

1  equiv.  + 

1 

equiv. 

Eeddish  brown,  and  opalescent. 

1  equiv.  + 

2 

equivs. 

The  same,  but  deeper. 

1  equiv.  + 

3 

equivs. 

The  same ;  some  biniodide  of  platinum 
deposited  on  the  glass. 

1  equiv.  + 

4 

equivs. 

Red ;  opalescence  slight ;  biniodide  of 
platinum  deposited. 

1  equiv. + 

6 

equivs. 

Bright  red;  scarcely  any  opalescence  or 
deposit. 

1  equiv. + 

8 

equivs. 

Brighter  red ;  no  opalescence  or  deposit. 

1  equiv.  4- 10 

equivs. 

Still  brighter  red. 

1  equiv.  + 15 

equivs. 

Still  brighter. 

The  formation  of  the  insoluble  iodide  of  platinum  renders  some 
of  these  cases  less  distinct  in  their  testimony  than  the  instances 
previously  considered.  The  opalescence,  too,  was  doubtless 
owing  to  a  minute  trace  of  solid  matter.  This,  however,  is  per- 
fectly clear,  that  the  two  salts,  though  they  have  mutually  de- 
composed each  other,  have  not  done  so  in  the  atomic  proportions ; 
not  according  to  the  schemes 

Pt  Cl2  +  2KI  =  Pt  I,  +  2lvCl 
and  Pt  CI.,  +  3KI  =  Pt  I^,  KI  +  2KC1. 

It  has  required,  in  fact,  about  four  equivalents  of  iodide  of  potas- 
sium to  produce  the  maximum  amount  of  the  platinic  iodide ;  and 
the  latter  terms  of  the  series  exhibit  a  still  increasing  amount  of 
the  intensely  red  double  iodide  of  platinum  and  potassium.  It 
may  be  expected  that  the  double  chloride  is  one  of  the  salts  pro- 
duced in  such  a  mixture.  Successive  additions  of  a  strong  solu- 
tion  of  chloride  of  potassium  to  a  mixture  of  one  equivalent  of 
bichloride  of  platinum  with  two  of  iodide  of  potassium,  were 
found  to  reduce  the  colour  greatly,  making  it  browner. 


COPPER    SALTS. 

Soluble  copper  salts  are,  I  believe,  all  of  a  blue  colour  when 
dissolved  in  a  large  amount  of  water ;  but  a  strong  solution  of 
the  chloride,  and  of  one  or  two  others,  is  green.  It  has  frequently 
been  observed,  that  on  the  addition  of  strong  hydrochloric  acid  to 
a  concentrated  solution  of  sulphate  of  copper,  a  green  colour  takes 
the  place  of  blue ;    and  it  has    been   naturally    concluded   that 
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chloride  of  copper  was  then  formed.     This  reaction  was  likewise 
investigated. 


Sulphate       Hydrochloric 
of  copper.  acid. 


1  equiv.  + 
1  equiv.  + 
1  equiv.  + 
1  equiv.  -f 
1  equiv.  + 
1  equiv.  + 
1  equiv.  + 


1  equiv. 

2  equivs. 

3  equivs. 

4  equivs. 
6  equivs. 
8  equivs. 

16  equivs. 


Colour  of  mixture. 


Blue. 

Blue,  with  a  tinge  of  green. 

Dull  green. 

Dull  green. 

Brio-ht  screen. 

Bright  green. 

Very  bright  green. 


From  this  it  is  evident  that  single  equivalents  of  sulphate  of 
copper  and  of  hydrochloric  acid  are  not  resolved  wholly  (nor 
indeed  to  any  great  extent)  into  chloride  of  copper  and  sulphuric 
acid ;  and  that  the  relative  mass  of  the  two  substances  influences 
the  result. 

In  order  to  observe  the  influence  of  the  mass  of  water,  the 
following  experiments  were  instituted.  Eight  portions  were 
taken  of  a  saturated  solution  of  sulphate  of  copper  at  60°  F.,  and 
were  mixed  with  progressively  increasing  amounts  of  strong 
hydrochloric  acid  solution.  The  colours  produced  were  noted. 
They  are  given  in  column  I.  of  the  subjoined  table.  Each  of  the 
mixtures  was  then  diluted  with  half  its  volume  of  water.  The 
resulting  shades  are  given  in  column  II.  Column  III.  represents 
the  shades  when  the  water  was  doubled ;  column  IV.  when  the 
solutions  were  of  three  times  their  original  volume  :  — 


Sulph.      Hydroch 

I. 

II. 

HI. 

IV. 

cop.  sol.       ac.  sol. 

50mea.  +  10     mea. 

Perfectly  blue. 

Perfectly  blue. 

Pure  blue. 

."iO  mea.+  12'5  mea. 

Greenish  blue. 

Blue. 

Pure  blue. 

50  mea.  +  15     mea. 

Distinctly  green. 

Blue,   with    trace    of 
green. 

Pure  blue. 

50  mea.  +  20     mea. 

Clear  green. 

Just  a  shade  greener. 

Pure  blue. 

50  mea.  -+  30     mea. 

Bright  green. 

Dull  bluish  green. 

^  s 

Pure  blue. 

50  mea.  +  40     mea. 

Bright  green. 

Green ' 

Blue,  with  a  trace 

of  green. 

50  mea.  +  50     mea. 

Brighter  green. 

Green 

Scarcely  dis- 

Blue, with  a  trace 

tinguishable. 

of  green. 

50  mea.  +  70     mea. 

Still  brighter. 

Green 

<! 

Blue,  with  a  trace 
of  green. 

G    2 
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It  is  not  to  be  inferred  that  the  sulphate  of  copper  was  in  larger 
quantity  in  column  IV.  than  in  column  I.,  for  water  acts  according 
to  its  mass  upon  pure  chloride  of  copper,  converting  it  from  green 
into  a  blue  compound. 

To  seven  portions  of  the  standard  solution  of  sulphate  of  copper, 
each  measuring  50  parts,  were  added  respectively  10,  20,  30,  40, 
50,  70,  and  100  parts  of  a  saturated  solution  of  chloride  of  sodium. 
There  resulted  a  series  of  tints  passing  gradually  from  blue  to 
almost  pure  green,  without  any  sudden  transition. 

A  strong  solution  of  chloride  of  zinc  added  to  a  solution  of 
sulphate  of  copper,  also  produced  a  greenish  colour,  wliich 
increased  as  more  chloride  was  added. 

Knowing  the  disposition  of  oxide  of  lead  and  acetic  acid  to 
combine,  it  occurred  to  me  that  chloride  of  lead  might  decompose 
the  acetate  of  copper  very  readily.  Accordingly,  two  equal 
poi'tions  of  the  blue  acetate  were  mixed  with  equivalent  amounts 
of  chloride  of  lead  and  chloride  of  sodium  in  solution ;  and  it  was 
indeed  found  that  the  former  caused  a  greater  diminution  of  the 
colour  than  the  latter  did.  In  this  experiment,  much  water  was 
necessarily  employed,  but  chloride  of  copper  always  gives  a  far 
paler  blue  solution  than  an  equivalent  amount  of  the  acetate  does. 

These  reactions  with  copper  salts  bear  additional  testimony, 
therefore,  to  the  truth  of  the  previous  views.* 


MOLYBDOUS   SALTS. 

As  the  molybdous  fluoride  gives  a  purple,  and  the  chloride  a 
green  solution,  these  salts  offered  another  means  of  testing  whether 
complete  or  partial  decomposition  ensued  on  the  mixing  of  binary 
compounds.  Molybdous  oxide  was  dissolved  in  hydrofluoric  acid, 
and  the  resulting  purple  solution  was  treated  with  hydrochloric 
acid.  It  changed  gradually  to  a  greenish  blue ;  and,  on  adding 
more  hydrochloric  acid,  to  a  positive  green.  Time  entered  as  an 
appreciable  element  into  this  change. 

The  converse  of  this  experiment  was  also  tried.  The  molybdous 
oxide  dissolved  in  hydrochloric  acid  of  a  green  colour.  The  addi- 
tion of  hydrofluoric  acid  to  this  gave  at  the  first  moment  a  rich 

*  After  this  paper  had  been  read,  the  following  note  was  added:  —  Changes  in 
the  state  of  combination  of  an  element  may  be  rendered  visible  by  a  change  in  the 
intensity  of  a  colour,  even  where  no  change  in  its  character  occurs.  Thus  oxide  of 
copper  dissolved  in  acetic  acid  gi  es  a  much  more  intense  blue  than  when  the  same 
amount  is  dissolved  in  sulphuric  acid.  This  fact  was  taken  advantage  of  in  the  fol- 
lowing experiment,  which  attbrds  additional  evidence  of  the  truth  of  my  main  deduc- 
tion. Sulphuric  acid  was  added  to  a  solution  of  acetate  of  copper ;  it  reduced  the 
colour  greatly.  The  experiment  was  reversed,  acetic  acid  being  added  to  a  solution 
of  sulphate  of  copper;  it  deepened  the  colour,  but  considerable  excess  of  the  acid  was 
required  to  make  a  very  evident  difference. 
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purple,  which  was  immediately  succeeded  by  a  white  precipitate, 
insoluble  in  any  excess  of  hydrofluoric  acid,  but  readily  soluble  in 
hydrochloric  acid  with  reproduction  of  the  green. 


MANGANESE    SALTS. 

Intermediate  between  the  protoxide  of  manganese  and  the  non- 
basic  oxides,  there  exists  a  brownish-red  salifiable  compound,  of 
the  formula  Mn304.  It  is  described  in  Gmelin's  Handbook 
under  the  designation  "  mang-anoso-mano-anic  oxide."  Its  solution 
in  hot  phosphoric  acid  or  cold  oil  of  vitriol  is  red,  but  it  dissolves  in 
other  acids  with  a  deep  brown  colour. 

I  prepared  the  sulphate  and  hydrochlorate  of  this  base,  and 
found  that  the  addition  of  hydrochloric  acid  in  excess  caused  a 
change  in  the  colour  of  the  sulphate  from  red  to  reddish  brown, 
and  eventually  brown ;  while,  on  the  other  hand,  the  addition  of 
sulphuric  or  phosphoric  acid  in  excess  to  a  solution  of  the  brown 
chloride  converted  it  into  the  red  salt.  Thus  it  appears  that  the 
oxide  in  question  has  no  such  affinity  for  either  one  of  these  acids, 
but  that  it  is  displaced  more  or  less  by  the  other. 


BLUE   GALLATE   OF    IRON. 

Gallic  acid,  when  added  to  iron  salts,  is  apt  to  strike  a  deep  blue 
colour,  from  the  formation  of  a  very  stable  compound  of  the 
organic  acid  with  both  the  basic  oxides  of  iron  at  once. 

A  blue  solution  was  prepared  by  mixing  solutions  of  gallic  acid 
and  of  green  vitriol  that  had  been  exposed  to  the  air.  The  effect 
of  sulphuric  acid  was  tried. 


Sulphuric 
acid  added. 


Water  added 

to  comparative 

solution. 


1  measure  = 

2  measures  = 
4  measures  = 
6  measures  = 
8  measures = 


9  measures. 
18  measures. 
34  measures. 
46  measures. 
55  measures. 


Sulphuric 
acid  added. 


Water  added 
to  comparative 
solution. 


10  measures  =  63  measures. 
14  measures  =105  measures. 
16  measures  =136  measures. 
18  measures  =174  measures. 
20  measures  =  204  measures. 


This  experiment  suffices  to  prove  the  influence  upon  the  pro- 
duction of  this  blue  gallate,  both  of  the  nature  and  quantity  of 
other  substances  present  in  the  solution  at  the  same  time. 


G  3 
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QUININE    SALTS. 

In  his  elaborate  paper  "  On  the  Change  of  Refranglbility  of 
Light,"*  Professor  Stokes  has  shown  that  various  acid  salts  of 
quinine  exhibit  that  remarkable  internal  dispersion  of  light  which 
is  now  known  by  the  name  "fluorescence."  He  mentions  the 
acid  sulphate,  phosphate,  nitrate,  acetate,  citrate,  tartrate,  oxalate, 
and  hydrocyanate,  as  giving  rise  to  the  phenomenon ;  while  qui- 
nine dissolved  in  hydrochloric  acid  did  not  present  any  such  ap- 
pearance. He  found,  moreover,  that  the  addition  of  hydrochloric 
acid,  or  chloride  of  sodium,  to  one  of  the  fluorescent  salts  de- 
stroyed the  colour.  Hence  he  concluded,  and  no  doubt  correctly, 
that  in  these  cases  muriate  of  quinine  was  formed ;  and  to  obviate 
the  objection  that  possibly  the  non-fluorescent  salt  in  solution 
might  be  a  sort  of  double  salt,  in  which  the  quinine  was  combined 
with  the  hydrochloric  and  the  other  acid  in  atomic  proportion,  he 
devised  the  following  elegant  experiment.  To  a  strong  warm 
solution  of  neutral  sulphate  of  quinine,  which  displays  no  fluo- 
rescence, a  very  small  quantity  of  hydrochloric  acid  was  added ;  it 
produced  the  blue  appearance;  more  hydrochloric  acid  was  added; 
the  blue  was  destroyed.  This  seemed  intelligible  only  on  the 
supposition  that  the  small  quantity  of  acid  first  added  displaced 
an  equivalent  amount  of  sulphuric  acid,  which,  combining  with 
the  undecomposed  sulphate,  formed  the  acid  salt  which  displays 
fluorescence  to  such  a  remarkable  degree ;  and  that  the  larger 
quantity  of  hydrochloric  acid  decomposed  this  again,  setting  free 
the  sulphuric  acid,  and  leaving  the  quinine  in  solution  as  hydro- 
chlorate. 

From  the  manner  in  which  Professor  Stokes  describes  and 
comments  on  these  experiments,  it  is  evident  that  he  imagined  (as 
most  others  would  have  done)  that  the  decomposition  was  perfect, 
and  that,  in  the  particular  experiment  just  mentioned,  every  par- 
ticle of  the  quinine  existed  in  the  solution  in  the  form  of  hydro- 
chlorate,  on  account  of  the  stronger  affinity  of  that  acid  for  the 
base.  He  states,  moreover,  that  "  even  sulphuric  acid  is  incapable 
of  developing  the  blue  colour  in  a  solution  of  quinine  in  hydro- 
chloric acid."  If  this  be  true,  it  evidently  militates  against  the 
conclusions  that  double  decomposition  does  not  take  place  per- 
fectly in  solution,  unless  aided  by  the  insolubility  or  volatility  of 
one  or  more  of  the  compounds  produced,  and  that  great  mass 
counterbalances  weak  affinity.  Accordingly,  I  repeated  the  ex- 
periments quantitative! I/,  and  performed  some  additional  ones.f 

*  Philosophical  Transactions,  1852. 

t  Since  writing  the  above,  my  attention  has  been  drawn  to  a  paragraph  in  Pro- 
fessor Stokes's  second  paper  (riiilosophical  Transactions  for  1853,  p.  394.),  in 
which  he  remarks  that  the  neutral  hydrochlorate  of  qninine  is  not  absolutely  non- 
fluorescent,  as  first  stated,  and  that  the  hydrocyanate  is  like  the  hydrochlorate. 
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Sulphate  of 

H 

)'drochloric 

Character  of  fluorescence. 

quinine. 

acid. 

1  equiv.  + 

0-5 

equiv. 

A  deep  blue  entering  far  into  the  liquid. 

1  equiv.  + 

1 

equiv. 

A  more  intense  blue,  and  confined  to  the 
edges. 

1  equiv. + 

1-5 

equiv. 

Much  as  the  preceding. 

1  equiv.  + 

2 

equivs. 

Rather  fainter  blue. 

1  equiv. + 

3 

equivs. 

Decreasing. 

1  equiv.  + 

4 

equivs. 

Still  decreasing. 

1  equiv.  -f 

6 

equivs. 

Fainter. 

1  equiv.  + 

8 

equivs. 

Still  fainter. 

1  equiv.  + 12 

equivs. 

Very  faint. 

1  equiv. +  20 

equivs. 

Just  visible. 

1  equiv. +  30 

equivs. 

As  above. 

1  equiv.  +  50 

equivs. 

Invisible  except  under  the  most  favour- 

able circumstances. 

It  will  be  seen  at  once,  that  the  double  decomposition  between 
the  sulphate  of  quinine  and  the  hydrochloric  acid  was  not  perfect. 
Had  it  been  so,  the  first  line  of  the  experiment  would  have  been 
represented  by  the  formula  — 

SCC^AsNA.  HO,  S03)  +  HC1  =  C,A,NA.  HCl 
+  C,,H,3NA.2(HO,S03), 


and  the  largest  possible  amount  of  fluorescence  would  have  been 
obtained : 
formula  — 


while  the  second  line  would  have  been  according  to  the 


C44H28N2O,,  HO,  S03  +  HC1=C44H28N20„  HCl  +  HO,  SO3, 

and  there  would  have  been  no  fluorescence  visible  with  this  or 
any  higher  proportion  of  hydrochloric  acid.  But  instead  of  single 
equivalents  of  sulphate  of  quinine  and  hydrochloric  acid  giving  a 
non-fluorescent  mixture,  the  blueness  was  only  then  attaining  its 
maximum.  Chloride  of  sodium  was  found  to  have  even  less 
power  of  decreasing  the  blue  colour  than  an  equivalent  amount  of 
the  acid  has. 

Neutral  hydrochlorate  of  quinine  was  prepared.  Its  solution 
diluted  showed  a  mere  trace  of  blue,  which  Avas  removed  on  the 
addition  of  a  drop  or  two  of  free  hydrocliloric  acid.  Portions  of 
this  solution  were  mixed  with  all  the  acids  mentioned  by  Stokes 
as  giving  fluorescent  compounds  with  quinine.     The  addition  of 
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sulphuric,  nitric,  phosphoric,  acetic  or  oxalic  acid,  instantly  repro- 
duced the  blue  colour  in  a  very  marked  manner.  Citric  or  tartaric 
acid  added  in  very  large  excess  also  produced  the  blue,  but  it  was 
faint.  I  failed  to  detect  any  change  on  the  addition  of  a  con- 
siderable amount  of  hydrocyanic  acid. 

Similarly,  a  solution  of  sulphate  of  soda  in  considerable  excess 
was  added  to  an  acid  solution  of  hydrochlorate  of  quinine.  A 
very  perceptible  amount  of  blue  made  its  appearance.  This  also 
is  in  perfect  consonance  with  what  might  theoretically  be  ex- 
pected, and  indicates  that  not  only  had  the  commixture  of  sulphate 
of  soda  converted  a  portion  of  the  hydrochlorate  of  quinine  into 
sulphate,  but  the  free  hydrochloric  acid  had  decomposed  some  of 
the  sulphate  of  soda,  liberating  sulphuric  acid,  which  had  com- 
bined with  the  quinine  salt  to  form  the  bisulphate.  That  a  mix- 
ture of  neutral  sulphate  of  quinine  with  sulphate  of  soda  does  not 
give  the  blue  tint,  unless  some  free  acid  be  added,  was  verified  by 
previous  experiment. 

Stokes  also  states  that  iodide  or  bromide  of  potassium  added 
to  a  solution  of  bisulphate  of  quinine,  or  the  acid  phosphate,  de- 
stroys the  fluorescence.  On  examining  these  reactions,  I  found 
that  these  haloid  salts  behaved  precisely  as  the  chloride  did. 

This  accumulation  of  evidence  all  goes  to  prove  that  quinine 
follows  the  same  laws  as  the  substances  previously  considered. 


COMPOUND  ETHERS. 

Compound  ethers  may  be  regarded  as  organic  salts  in  which 
certain  compound  radicals  take  the  place  of  metals,  and  it  is  to  be 
expected  that  they  will  follow  the  same  general  laws  as  the  binary 
compounds  that  have  been  previously  examined.  Their  insolu- 
bility in  water  precludes  the  use  of  aqueous  solutions  of  the  sub- 
stances intended  to  act  upon  them;  but  alcohol  affords  a  con- 
venient medium  for  the  reaction;  and  when  this  is  employed, 
results  are  obtained  which  are  perfectly  analogous  to  those  already 
described  in  the  case  of  different  metallic  salts.  The  following 
experiment  may  be  taken  as  an  example.  A  large  excess  of 
oxalic  acid  was  dissolved  in  alcohol  along  with  acetic  ether, 
warmed,  and  allowed  to  stand  for  some  hours.  The  mixture  was 
then  submitted  to  gentle  distillation,  and  there  passed  over  acetic 
ether  mixed  with  alcohol  and  with  oxalic  ether.  The  oxalic  acid 
had  therefore  displaced  a  certain  amount  of  acetic  acid ;  but 
though  it  existed  in  such  large  excess  that  it  began  to  crystallise 
out,  it  had  not  displaced  the  whole. 
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GENERAL  mFERENCES  FROM   THE   PRECEDING   EXPERIMENTS. 

The  concurrent  testimony  of  the  diversified  experiments  here 
detailed  is  in  favour  of  the  view,  that  when  two  binary  compounds 
are  mixed  in  solution,  there  ensues  a  partition  of  the  two  electro- 
positive between  the  two  electro-negative  elements,  according  to 
certain  proportions  regulated  both  by  the  difference  of  strength 
in  the  affinities,  and  by  the  relative  quantities  of  the  different 
bodies.  The  reverse  of  this  does  indeed  appear  at  first  sight  to  be 
the  case  in  certain  instances ;  as  for  instance  when  equivalent 
portions  of  sulphocyanide  of  potassium  and  ferric  citrate  are  mixed, 
or  of  chloride  of  gold  and  bromide  of  potassium.  But  it  makes 
all  the  difference  whether  there  be  a  small,  though  inappreciable, 
quantity  of  the  other  salt  formed  at  the  same  time,  or  whether 
the  decomposition  be  absolute ;  and  a  consideration  of  the  whole 
series  of  experiments,  and  of  the  influence  of  mass  in  these  very 
instances,  will  leave,  I  think,  a  strong  conviction  on  the  mind 
that  such  cases  differ  from  the  others  only  in  degree,  and  that  if 
we  possessed  the  means  of  observing  minuter  differences  of  colour 
we  should  find  evidence  of  traces  of  the  original  salts  still  remain- 
ing. But  of  this  each  reader  will  form  his  independent  judgment. 
Among  those  instances  where  evidently  four  salts  were  produced 
by  the  mixture  of  two,  the  following  substances  took  part  in  the 
reaction :  — 

Iron  (in  both  basic  conditions),  gold,  platinum,  mercury,  copper, 
zinc,  lead,  molybdenum,  manganese,  baryta,  lime,  potash,  soda, 
ammonia,  hydrogen,  ethyl,  quinine. 

Sulphuric,  nitric,  phosphoric,  hydrochloric,  hydrobromic,  hy- 
driodic,  hydrofluoric,  hydrosulphocyanic,  hydroferrocyanic,  acetic, 
oxalic,  citric,  tartaric,  gallic,  meconic,  pyromeconic,  and  come- 
namic  acids. 

It  must  be  borne  in  mind,  that  when,  in  studying  the  mutual 
action  of  AB  and  CD,  we  have  determined  the  laws  accordino-  to 
which  A  and  D  combine,  we  have  equally  ascertained  them  in 
reference  to  C  and  B  ;  that  is  to  say,  to  take  a  particular  instance, 
if  we  find,  on  mixing  ferric  nitrate  and  sulphocyanide  of  potassium, 
that  ferric  sulphocyanide  is  formed  in  certain  proportions  accord- 
ing to  the  relative  force  of  affinity  and  mass,  we  have  determined 
this  also  in  respect  to  the  nitric  acid  and  the  potash.  We  know, 
indeed,  that  for  every  portion  of  ferric  sulphocyanide  produced, 
an  exactly  equivalent  portion  of  nitrate  of  potash  must  be  formed. 
And  not  only  this,  but  in  any  such  mixture,  where  we  know  the 
original  amounts  of  the  two  salts,  and  the  amount  of  any  one  of 
the  four  into  which  they  are  resolved,  we  have  the  data  for  deter- 
mining the  amounts  of  the  other  three  likewise.  vSuppose  (which 
is  about  the  truth)  that  one  equivalent  of  ferric  nitrate  mixed  with 
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three  equivalents  of  sulphocyanide  of  potassium  produce  one-fifth 
of  an  equivalent  of  ferric  sulphocyanide,  the  following  is  the  only 
formula  whicli  can  represent  the  reaction.  The  amounts  are  mul- 
tiplied by  five  to  avoid  decimals : 

5(Fe^0„  Sl!iO,)  +  l5KS,Cj  =  Fe„  3S.,  Cy  +  12KS2  Cy 

+  4(Fe203,  3NO,)  +  3(KO,  NO,), 

or  more  simply, 

5AB  +  5CD  =  AD  +  4AB  +  4CD  +  CB. 

Of  course  this  method  of  reckoning  is  inapplicable  where  poly- 
basic  acids  are  concerned. 


TESTIMONY  FROM   OTHER  CHEMICAL  PHENOI^IENA. 

There  are  many  chemical  phenomena,  beside  those  connected 
with  colour,  which  bear  testimony  respecting  the  question  whether 
two  salts  in  solution  resolve  themselves  into  four. 

The  testimony  of  -precipitation.  —  The  idea  that  when  double 
decomposition  occurs,  the  acids  and  bases  make  a  perfect  ex- 
change, arose  doubtless  from  what  is  constantly  observed  when  a 
precipitate  ensues.  In  that  case  A  combines  wholly  with  D,  and 
C  with  B.  Yet  this  will  be  the  inevitable  result  under  the  one 
theory  as  well  as  iinder  the  other.  A  mixture  of  single  equiva- 
lents of  nitrate  of  baryta  and  sulphate  of  potash  may  be  taken  as 
an  illustration.  Here,  as  has  frequently  been  shown,  if  Ber- 
thoUet's  views  be  correct,  at  the  first  moment  of  mixing,  a 
portion  of  the  baryta  combines  with  sulphuric  acid,  but  that  com- 
pound being  insoluble  is  instantly  put  out  of  the  field  of  action, 
and  the  resulting  mixture  really  consists  of  nitrate  of  baryta, 
nitrate  of  potash,  and  sulphate  of  potash,  which  of  course  gives 
rise  to  a  redistribution  of  the  bases  and  acids,  and  a  further  pro- 
duction of  insoluble  sulphate  of  baryta,  and  so  on,  till  the  amount 
of  nitrate  of  baryta  remaining  is  infinitesimally  small;  while  at 
the  same  time  the  whole  of  the  potash  must  necessarily  combine 
with  the  whole  of  the  nitric  acid.  It  is  scarcely  necessary  to 
observe,  that  this  division  and  precipitation  will  take  place  con- 
tinuously until  complete ;  and  that  it  may  be  so  rapid  as  to  elude 
our  notice.*  The  fact  then  that  precipitation  w^hen  it  occurs  is 
complete,  decides  nothing  as  to  the  relative  merits  of  the  two 

♦  Yet  it  is  easily  conceivable  that  when  the  affinity  for  each  other  of  the  two 
substances  that  produce  the  insoluble  compound  is  very  weak,  the  action  may  last 
some  time,  and  become  CA-ident  to  our  senses.  Is  not  this  actually  the  case  when 
sulpliate  of  lime  in  solution  is  added  to  nitrate  of  strontia,  or  carbonate  of  soda  to 
chloride  of  calcium,  or  an  alkaline  carbonate  to  tartrate  of  yttria,  or  oxalate  of 
ammonia  to  sulphate  of  magnesia,  &c.  ? 
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theories  of  elective  affinity.  Yet  there  is  an  important  difference 
to  be  noted.  On  Bergman's  supposition,  it  can  hardly  be 
imagined  but  that  cases  will  sometimes  occur,  where  A  has  so 
strong  an  affinity  for  B,  or  C  so  powerful  an  attraction  for  D,  that 
on  mfxing  AB  and  CD,  no  interchange  will  take  place,  although 
AD  may  be  an  insoluble  body.  On  Berthollet's  supposition, 
the  insoluble  compound  will  always  be  wholly  precipitated  when- 
ever by  the  interchange  of  acids  and  bases  such  a  compound  can 
be  formed,  even  though  it  be  against  the  preponderating  direction 
of  the  affinities.  Now  this  can  be  put  at  once  to  the  test  of  ex- 
perience :  and  what  is  the  testimony  of  the  thousands  of  double 
decompositions  which  chemists  are  in  the  habit  of  meeting  with  ? 
Graham*  says,  "It  is  a  general  law  to  which  there  is  no  ex- 
ception, that  two  soluble  salts  cannot  be  mixed  without  the  occur- 
rence of  decomposition,  if  one  of  the  products  that  may  be  formed 
is  an  insoluble  salt."  Gmelinf,  even  when  arguing  agamst 
Berthollet's  views,  admits  the  same  fact,  adding,  "the  only 
case  which  appears  to  present  an  exception  is  that  observed  by 
Th.  Scherer:!:,  and  this  requires  further  examination."  The 
case,  which  depends  on  the  insolubility  of  oxalate  of  yttria,  broke 
down  on  careful  investigation. 

It  is  then  a  law,  without  a  single  known  exception,  that  if 
AB,  CD,  EF,  &c.,  by  any  interchange  of  bases  and  acids,  can 
possibly  produce  an  insoluble  substance,  that  insoluble  compound 
does  actually  make  its  appearance.  This  seems  to  me  almost  con- 
clusive evidence  that  the  interchange  always  takes  place  originally 
to  a  greater  or  less  degree ;  for  I  cannot  believe,  with  one  chemist 
of  high  repute,  that  "  when  bodies  are  brought  into  intimate  con- 
tact, all  the  forces  which  exist,  not  only  in  themselves,  but  in  all 
their  possible  compounds,  are  called  into  action  at  the  same  time," 
unless  indeed  it  be  by  these  compounds  being  actually  formed. 

The  following  experiments  may  illustrate  more  fully  the  truth 
of  the  explanation  of  complete  precipitation  which  has  been  given 
above. 

I.  Strong  solutions  of  sulphocyanide  of  potassiimi  and  ferric 
sulphate  were  mixed.  The  resulting  intensely  red  liquid  was 
divided  into  two  equal  parts.  The  one  portion  was  largely  diluted 
with  water ;  and  to  the  other  portion  a  little  strong  alcohol  was 
added,  which  caused  the  precipitation  of  sulphate  of  potash  while 
ferric  sulphocyanide  was  dissolved.  The  alcohol  was  poured  off, 
and  diluted  with  water  till  of  the  same  volume  as  the  first  portion. 
It  was  far  deeper  in  colour,  indicating  evidently  that  the  in- 
solubility of  sulphate  of  potash  in  alcohol  had  removed  it  out  of 
the  sphere  of  action,  and  had  caused  a  much  larger  proportion  of 

*  Elements  of  Chemistry.  t  Handbook  of  Chemistry. 

J  Poggendorff,  li.  470. 
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ferric  sulphocyanide  to  be  formed  than  would  otherwise  have  been 
produced.  Only  a  small  quantity  of  alcohol  was  employed,  and  it 
was  mixed  with  a  large  amount  of  water,  in  order  to  obviate  as 
much  as  possible  the  objection  that  the  same  amount  of  ferric  sul- 
phocyanide  might  appear  darker  in  alcoholic  than  in  aqueous 
solution,  which  is  indeed  the  fact. 

II.  Another  red  solution  was  prepared  by  mixing  sulphocyanide 
of  potassium  and  ferric  sulphate,  and  it  was  divided  into  two  equal 
portions.  To  one  of  these  hydrochloric  acid  was  added,  Avhich  of 
course  reduced  the  colour  somewhat.  To  each  was  then  added  an 
equal  portion  of  neutral  phosphate  of  soda.  The  acid  solution  re- 
mained red,  though  paler  than  before  ;  the  neutral  solution  became 
colourless,  and  turbid,  from  the  formation  of  a  flocculent  precipitate 
of  ferric  phosphate.  That  the  insolubility  of  this  salt  in  the 
neutral  solution  was  the  cause  of  the  complete  combination  of  the 
oxide  of  iron  with  the  phosphoric  acid,  was  further  elucidated  by 
adding  phosphoric  acid  to  the  colourless  mixture,  which  restored  a 
faint  red  tint  to  the  solution,  doubtless  because  it  had  set  free 
some  of  the  sulphuric  acid,  which,  redissolving  the  ferric  phos- 
phate, allowed  of  the  formation  of  a  small  amount  of  the  red 
sulphocyanide. 

III.  A  mixture  of  three  parts  of  ferric  citrate,  and  four  of 
ferrocyanide  of  potassium  was  prepared,  and  divided  into  two 
equal  parts.  To  the  one  there  was  added  a  few  drops  of  hydro- 
chloric acid,  to  the  other  a  few  drops  of  oxalic  acid.  In  the  one 
case,  the  ferric  ferrocyanide,  being  insoluble  in  hydrochloric  acid, 
was  precipitated,  leaving  no  trace  of  iron  in  the  solution ;  in  the 
other  case  there  was  a  blue  solution,  but  the  whole  of  the  iron 
was  not  in  the  condition  of  ferric  ferrocyanide,  for  the  addition  of 
more  prussiate  of  potash  caused  it  to  become  bluer.  That  this 
was  due,  not  to  the  affinity  of  the  oxalic  acid  for  the  fen-ic  oxide, 
but  to  that  of  the  citric  acid,  will  be  evident  from  the  fact  ascer- 
tained by  the  previous  experiments  on  the  ferrocyanide,  that  this 
result  would  not  have  been  obtained  had  the  nitrate  been  em- 
ployed. 

The  testimony  of  volatilisation. — The  argument  that  has  been 
employed  in  the  case  of  precipitation  will  apply,  mutatis  mutandis, 
with  equal  force  in  the  case  of  volatilisation.  I  am  not  acquainted 
with  any  exceptional  instance. 

Tlie  testimony  of  crystallisation. — It  will  sometimes  happen  that 
certain  quantities  of  AB  and  CD  are  mixed  in  an  amount  of  water 
which  is  insufficient  to  keep  in  perfect  solution  AD,  should  the 
whole  of  A  combine  with  the  whole  of  D,  although  the  salt  itself 
is  a  soluble  one.  In  such  a  case,  if  Bergman's  view  be  correct, 
either  no  AD  will  form,  however  concentrated  the  solution,  or, 
should  double  decomposition  ensue,  it  will  form  to  the   fullest 
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extent  possible,  and  may  be  expected  to  crystallise  out  at  once 
with  something  like  the  rapidity  with  which  precipitation  usually 
takes  place.  If,  however,  Berthol let's  theory  be  a  true  expres- 
sion of  the  fact,  a  certain  amount  of  AD  will  always  be  formed, 
but  it  may  remain  dissolved  in  the  liquid,  although  if  the  whole  of 
A  had  entered  into  combination  with  D  it  must  have  separated  : 
yet,  on  concentration,  AD  will  make  its  appearance ;  and  should 
this,  or  anything  else,  determine  the  formation  of  crystals,  or 
should  they  ensue  on  the  primary  mixing,  the  crystallisable  salt  is 
pro  tanto  put  out  of  the  field  of  action,  and  a  redistribution  of  the 
acids  and  bases  will  take  place  with  further  crystallisation,  until 
an  equilibrivim  is  obtained.  Now  the  latter  of  these  deductions 
describes  what  actually  does  take  place,  but  there  are  several  cir- 
cumstances attending  crystallisation  from  a  mixture  of  salts  which 
are  not  readily  explained,  and  which  I  have  as  yet  but  imperfectly 
investigated. 

The  testimony  of  MalagutV s  experiments. — Malaguti*  ex- 
amined the  present  question  by  taking  two  salts,  both  of  which 
were  soluble  in  water,  but  only  one  of  which  was  soluble  in 
alcohol,  mixing  them  in  equivalent  proportions  in  water,  and  then 
pouring  the  aqueous  solution  into  a  large  quantity  of  alcohol. 
Notwithstanding  an  objection  recognised  by  the  experimenter, 
three  important  results  may  be  arrived  at: —  1st,  that  two  salts  on 
being  mixed  resolve  themselves  into  four ;  2nd,  that  this  partition 
takes  place  in  a  definite  manner;  3rd,  that  the  proportions  of  the 
resulting  salts  are  independent  of  the  manner  in  which  the  differ- 
ent elements  were  originally  combined. 

The  testimony  of  substances  acted  on  by  one  of  the  compounds 
liberated  in  a  mixture  of  salts. — It  is  to  be  expected  that  if  two 
binary  compounds  be  mixed,  the  formation  of  a  new  compound, 
though  it  remain  in  solution,  may  often  be  ascertained  by  certain 
chemical  powers  which  it  is  capable  of  exerting.  Instances  of  this 
are  not  wanting.  Thus  gold,  as  every  one  knows,  is  not  attacked 
by  hydrochloric  or  nitric  acid  singly,  but  is  dissolved  by  a  com- 
bination of  the  two  ;  neutral  potash  salts  of  course  have  no  action 
upon  it;  and  yet  gold  dissolves  readily  in  a  mixture  of  either 
nitrate  of  potash  and  hydrochloric  acid,  or  of  chloride  of  potassium 
and  nitric  acid ;  whence  it  appears  to  me  the  conclusion  may  be 
fairly  drawn,  that  in  both  mixtures  the  potash  relinquishes  a 
portion  of  the  acid  with  which  it  was  originally  combined,  or 
(which  is  the  same  thing)  that  it  divides  itself  between  the 
two. 

Such  experiments  as  this  have  no  quantitative  value,  since  the 
liberated  substance  immediately  enters  into  a  new  combination, 

*  "Exposition  de  qnclques  faits  relatifs  a  Taction  reciproquc  des  sels  solubles," 
Ann.  de  Chim.  et  do  Phys.  3,  t.  xxxvii.  p.  198. 
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which  must  give  rise  to  a  fresh  distribution  of  the  different 
elements,  and  so  on  until  no  more  of  the  active  substance  can  be 
produced.  A  mere  solvent  action  of  the  liberated  body  would  be 
preferable  to  an  action  where  positive  chemical  combination  or 
decomposition  takes  place  ;  but  such  cases  scarcely  exist.  Among 
the  actions  which  appear  to  answer  this  requirement  most  fully, 
is  when  a  salt  insoluble  in  water  is  dissolved  in  an  acid,  as,  for  in- 
stance, ferric  phosphate  in  hydrochloric  acid ;  yet  even  here  a 
partial  decomposition  in  all  probability  ensues.  The  only  in- 
structive numerical  results  which  I  have  obtained  were  by  mixing 
a  saturated  solution  of  oxalate  of  lime  in  hydrochloric  acid  with 
various  proportions  of  acetate  of  potash  or  soda.  The  hydrochloric 
acid  combining  with  the  alkali  caused  a  deposition  of  oxalate  of 
lime,  since  that  salt  is  not  soluble  in  the  acetic  acid  that  was 
liberated  at  the  same  time. 


Acetate  of  soda  series. 

Acetate  of  potash  series. 

Salt  added. 

Oxalate  of  lime  deposited. 

Salt  added. 

Oxalate  of  lime  deposited. 

3  measures. 

0-075   grm. 

20  meas. 

0-359  grm. 

6  measures. 

0-10      grm. 

40  meas. 

0-345  grm. 

9  measures. 

O'll      grm. 

80  meas. 

0-410  grm. 

12  measures. 

0*13'5  grm. 

120  meas. 

0-445  grm. 

18  measures. 

0*14 '5  grm. 

160  meas. 

0-503  grm. 

30  measures. 

O'll      grm. 

240  meas. 

0-564  grm. 

45  measures. 

0'14'5  giTn. 

90  measures. 

0-19      grm. 

Notwithstanding  certain  irregularities  in  these  series  of  num- 
bers, it  is  sufficiently  evident  in  both  instances  that  the  amount  of 
oxalate  deposited  increased  with  the  amount  of  acetate  added, 
though  not  in  direct  ratio. 

Supposed  exceptions  and  limitations. — With  this  mass  of  evidence, 
and  that  of  a  very  diversified  character,  the  question  arises, — Are 
we  justified  in  concluding  that  the  principles,  which  are  so  general, 
are  universal  in  their  application  ?  Are  there  no  exceptions  ?  Is 
there  no  limitation  ? 

As  to  exceptions,  in  the  whole  range  of  my  experiments  upon 
this  subject,  1  have  never  met  with  a  single  instance  of  two  sub- 
stances having  so  strong  an  affinity  for  one  another,  that  they 
combined  to  the  exclusion  of  other  bodies  of  like  kind  and  present 
in  the  same  solution,  even  if  in  large  excess.  Sometimes  this  rests 
not  on  demonstrative,  but  upon  moral  evidence,  as,  for  instance. 
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when  sulphocyanide  of  potassium  and  dissolved  ferric  ferrocvanide 
are  mixed,  where  unquestionably  the  amount  of  ferric  sulpho- 
cyanide produced  must  be  quite  inappreciable ;  yet  that  some  is 
produced  may  be  safely  inferred  I  think  from  the  fact,  that  sulpho- 
cyanide of  potassium  does  give  a  red  with  the  ferric  acetate,  and 
acetate  of  potash  is  capable  of  decomposing  the  ferric  ferrocyanide 
to  a  well-marked  extent. 

During  the  controversy  that  ensued  after  the  publication  of 
Berthollet's  treatise,  many  reactions-  were  brought  forward  to 
prove  the  falsity  of  his  views.  Most  of  these  were  directed  against 
certain  positions  of  the  French  philosopher  which  were  certainly 
untenable,  while  others  were  founded  on  a  misapprehension  of  the 
question  at  issue.  Those  which  appear  the  most  formidable 
against  the  conclusions  arrived  at  in  this  paper  are,  that  boracic 
acid,  or  carbonic  acid,  or  hydrosulphuric  acid,  is  incapable  of  de- 
composing, in  the  least  degree,  sulphate  of  potash  or  any  analogous 
salt ;  and  that  chloride  of  sodium  is  not  affected  at  all  by  iodine. 
The  proof  of  these  statements  rests  in  each  instance  upon  the 
testimony  of  blue  litmus  paper.  In  the  first  case,  the  vegetable 
colour  is  not  reddened ;  which  is  supposed  to  prove  that  no  sul- 
phuric acid  has  been  liberated ;  yet  if  any  had  been  set  free  there 
must  have  been  formed  at  the  same  instant  an  equivalent  amount 
of  borate,  or  carbonate,  or  hydrosulphate  of  potash,  each  of  which 
has  an  alkaline  reaction,  and  would  have  restored  the  blue,  or 
rather  prevented  the  litmus  from  reddening.  So  in  the  case  of  the 
common  salt  and  iodine  (where  by  the  way  only  one  base  is  con- 
cerned), the  chlorine,  supposing  it  liberated,  would  not  have 
bleached  the  litmus,  but  would  have  combined  at  the  moment  of 
its  separation  with  some  of  the  iodine  present  to  form  the  ter- 
chloride  of  iodine  which  has  a  natural  reaction.  That  very  little 
decomposition  does  take  place  in  these  instances  I  have  no  doubt, 
but  that  there  is  actually  none  is  not  proved. 

The  action  of  water  requires  fuller  investigation. 


CONCLUSIONS. 

The  general  conclusions  arrived  at  in  this  paper  may  be  summed 

up  as  follows:  — 

I.  Where  two  or  more  binary  compounds  are  mixed  under  such 
circumstances  that  all  the  resulting  bodies  are  free  to  act  and  react, 
each  electro -positive  element  arranges  itself  in  combination  with 
each  electro-negative  element  in  certain  constant  proportions. 

II.  These  proportions  are  independent  of  the  manner  in  which 
the  different  elements  were  originally  combined. 
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III.  These  proportions  are  not  merely  the  resultant  of  the 
various  strengths  of  affinity  of  the  several  substances  for  one 
another,  but  are  dependent  also  on  the  mass  of  each  of  the  sub- 
stances in  the  mixture. 

IV.  An  alteration  in  the  mass  of  any  of  the  binary  compounds 
present  alters  the  amount  of  every  one  of  the  other  binary  com- 
pounds, and  that  in  a  regularly  progressive  ratio  ;  sudden  tran- 
sitions only  occurring  where  a  substance  is  present  which  is 
capable  of  combining  with  another  in  more  than  one  proportion. 

V.  This  equilibrium  of  affinities  arranges  itself  in  most  cases 
in  an  inappreciably  short  space  of  time,  but  in  certain  instances 
the  elements  do  not  attain  their  final  state  of  combination  for 
hours,  or  even  days. 

VI.  The  phenomena  that  present  themselves  where  precipitation, 
volatilisation,  crystallisation,  and  perhaps  other  actions  occur,  are 
of  an  opposite  character,  simply  because  one  of  the  substances  is 
thus  removed  from  the  field  of  action,  and  the  equilibrium  that 
was  first  established  is  thus  destroyed. 

VII.  There  is  consequently  a  fundamental  error  in  all  attempts 
to  determine  the  relative  strength  of  affinity  by  precipitation ;  in 
all  methods  of  quantitative  analysis  founded  on  the  colour  of  a 
solution  in  which  colourless  salts  are  also  present ;  and  in  all  con- 
clusions as  to  what  compounds  exist  in  a  solution  drawn  from  such 
empirical  rules  as  that  "  the  strongest  base  combines  with  the 
strongest  acid." 
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V. —  Contributions  to  the  History  of  Nitric  Acid,  with  especial 

reference  to  the  Valuation  of  Nitre. 

By  F.  A.  Abel, 

DIRECTOR   OP   tHE    CHESnCAL   ESTABLISHMENT   OF   THE   WAR   DEPARTJIEXT  ; 

and  C.  L.  Bloxam, 

PROFESSOR   OF   PRACTICAL    CHEMISTRY   AT   KING's   COLLEGE,    AISTD   LECTURER   ON 
CHE5IISTRT   AT   TUB   ROYAL   MILITARY   ACADE3IY,    WOOLWICH. 

Although  the  exact  determination  of  the  commercial  vahie  of 
specimens  of  nitre  may,  for  its  importance,  be  ranked  with  the 
valuation  of  alkalies,  manganese-ores,  &c.,  and  has,  in  consequence, 
occupied  the  attention  of  several  chemists,  it  is  certain  that  no 
method  has  hitherto  been  proposed  which  will  enable  the  analyst 
to  ascertain,  with  rapidity  and  precision,  the  amount  of  nitrate  of 
potassa  contained  in  any  specimen  of  the  saltpetre  of  commerce. 

This  assertion  appears  somewhat  startling  when  it  is  remem- 
bered that  several  names  of  no  mean  authority  are  connected  with 
the  methods  hitherto  in  use ;  but  it  exhibits  the  conclusion  to  which 
the  authors  have  been  conducted  by  a  lengthened  series  of  experi- 
ments, undertaken  in  the  most  perfect  faith,  not  with  the  intention 
of  shaking  the  foundations  of  the  different  methods  of  valuing  nitre, 
but  rather  in  order  to  convince  themselves  of  the  soundness  of  their 
pretensions  to  accuracy. 

The  manner  in  which  this  investigation  originated  is  a  sufficient 
proof  of  the  disposition  in  which  the  authors  commenced  their  ex- 
periments. Samples  of  nitre  having  been  placed  in  their  haiids  for 
very  exact  valuation,  they  had  recourse  to  the  process  commonly 
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known  as  that  of  Pelouze,  and  were  extremely  surprised  to  find, 
thact,  with  whatever  care  the  experiments  were  conducted,  the 
results  obtained  frequently  exhibited  great  variations. 

Various  modifications  of  this  process  having  been  tried  without 
success,  the  well-known  method  of  deflagration  was  resorted  to  ; 
but  here,  again,  a  very  great  uncertainty  attended  the  experiments, 
so  that  an  important  discrepancy  "was  often  apparent  in  the  results 
of  several  trials  made  upon  the  same  sample. 

It  will  be  the  object  of  this  paper  to  describe  the  experiments 
which  have  been  made  upon  these  two  methods,  with  the  intention, 
firstly,  of  proving  their  title  to  confidence  ;  secondly,  of  discovering 
the  causes  of  inaccuracy  ;  and  thirdly,  of  ascertaining  whether  any 
modifications  could  be  adopted  which  would  still  entitle  them  to  a 
position  among  trustworthy  analytical  processes. 

Before  entering  upon  the  experimental  details,  it  may  be  deemed 
necessary  to  take  a  brief  historical  survey  of  the  methods  which 
have  been  employed  at  different  times  to  ascertain  the  commercial 
value  of  saltpetre.  These  may  be  divided,  with  respect  to  the 
principles  upon  which  they  are  founded,  into  mechanical  and 
chemical  methods. 

The  Swedish  process  of  Swart z,  which  probably  originated  the 
term  "  refraction  of  saltpetre,"  consisted  in  an  examination  of  the 
fracture  of  a  cake  of  the  fused  salt,  which  could  not  certainly  lead 
to  any  accurate  numei'ical  results. 

A  far  more  important  mechanical  method  is  that  of  R  if  fault, 
which  appears  to  have  been  proposed  in  1789,  and  has  since  been 
very  generally  used  in  the  refineries  of  France.  It  consists  in 
washing  a  weighed  quantity  of  nitre  with  a  saturated  solution  of 
the  pure  salt,  and  in  determining  the  amount  of  the  residue.  The 
errors  to  which  such  a  process  must  be  liable  are  too  obvious  to 
need  detailed  consideration  :  they  are  chiefly  attributable  to  the 
presence  of  chloride  of  sodium  in  the  samples  examined,  and  to  the 
variations  of  temperature,  which  must  depend  upon  the  quantities 
of  chlorides  present ;  other  objections  of  great  weight  at  once  sug- 
gest themselves  to  every  practical  chemist. 

The  Austrian  method,  proposed  by  Husz,  consists  in  an  exact 
determination  of  the  temperature  at  which  an  aqueous  solution  of 
the  sample  begins  to  deposit  crystals  ;  but  this  is  evidently  liable 
to  disturbance  from  the  presence  of  chloride  of  sodium,  and  requires, 
moreover,  greater  delicacy  of  observation  than  should  be  necessary 
for  a  process  to  be  carried  on  in  a  general  chemical  laboratory. 

The  authors  have  not  considered  it  necessary  to  subject  these 
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mechanical  methods  to  any  lengthened  examination,  believing  that 
the  opinion  of  chemists  upon  their  inaccuracy  is  unanimous,  and 
that  their  general  adoption  has  been  owing,  not  to  their  intrinsic 
merit,  but  to  the  want  of  more  trustworthy  processes. 

There  are  only  two  well-known  methods  of  valuing  nitre,  in 
general  use,  which  are  based  upon  chemical  principles.  The  older 
method,  usually  known  as  that  of  Gay-Lussac,  consists  in  con- 
verting the  nitrate  into  carbonate  of  potassa,  by  deflagration  with 
charcoal,  the  amount  of  the  alkaline  carbonate  being  afterwards 
determined  by  the  alkalimeter. 

The  later  process  was  introduced  by  Gossart,*  and  consists  in 
ascertaining  the  amount  of  protoxide  of  iron  converted  into  sesqui- 
oxide  by  a  given  weight  of  the  sample  of  nitre.  As  originally  pro- 
posed, a  solution  of  protosulphate  of  iron,  of  known  strength,  was 
added  to  the  acidified  solution  of  nitre,  until  the  presence  of  an 
excess  of  the  protosalt  could  be  discovered  by  ferricyanide  of  po- 
tassium, but  experience  had  manifested  the  inaccuracy  of  this  pro- 
ceeding. Pelouzef  modified  it  by  dissolving  a  known  weight 
of  iron,  converting  a  portion  into  sesquioxide  by  a  given  weight  of 
the  sample  of  nitre,  and  afterwards  determining  the  unoxidised 
portion,  by  the  method  of  Margueritte,  with  a  standard  solution 
of  permanganate  of  potassa. 

The  following  table  contains  the  results  of  several  trials  of  this 
method,  conducted  exactly  according  to  the  directions  given  by  its 
author : — 


Table  I. 

Iron 

Nitre 

Nitre 

Exp. 

Nitre. 

Iron. 

unoxidised. 

found. 

per  cent. 

It. 

18-53 

31-00 

0-85 

18-12 

99-40 

2. 

18-50 

Gave  a  result 

somewhat  higher 

3. 

20-10 

80-00 

0-75 

17-58 

87-46 

4. 

20-16 

30-00 

0-37 

17-81 

88-33 

5. 

20-05 

30-00 

0-41 

17-78 

88-67 

6. 

20-18 

31-00 

0-30 

18-45 

91-42 

7. 

20-26 

33-50 

0-30 

19-95 

98-48 

8. 

17-83 

32-80 

trace 

19-71 

110-55 

9. 

17-80 

33-26 

1-50 

19-09 

107-20 

10. 

17-64 

32-46 

0-30  ■ 

19-33 

109-50 

11. 

14-56 

30-40 

3-10 

16-41 

112-70 

*  Compt.  rend.  January  1847.  f  Ann.  Ch.  Pbys.  June  1847. 

%  Experiments  1  to  11  inclusive  were  made  with  the  same  sample  of  crude  nitre. 
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Table  I. 

(continued.) 

Iron 

Nitre 

Nitre 

Exp. 

Nitre. 

Iron. 

imoxidised. 

found. 

per  cent. 

12*. 

15-00 

35-12 

10-25 

15-12 

100-80 

13. 

10-00 

30-31 

12-51 

10-80 

108-00 

U. 

18-00 

32-64 

3-08 

17-97 

99-83 

15. 

10-00 

28-06 

11-14 

10-28 

102-80 

16. 

19-00 

33-57 

1-95 

19-22 

101-05 

17. 

19-00 

32-42 

0-31 

19-52- 

102-73 

18. 

19-00 

32-83 

1-04 

19-32 

101-68 

19. 

17-60 

30-53 

0-31 

18-37 

104-37 

In  most  of  these  experiments,  the  iron  was  dissolved  in  concen- 
trated hydrochloric  acid,  in  a  flask  furnished  with  a  cork  and  glass 
tube  drawn  out  to  a  fine  point.  As  soon  as  the  metal  had  disap- 
peared, the  cork  was  withdrawn,  the  nitre  washed  in  as  quickly  as 
possible,  the  cork  replaced,  and  the  solution  boiled  until  the  brown 
colour  due  to  the  nitric  oxide  had  disappeared :  it  was  then  rinsed 
into  a  large  flask,  diluted  with  about  40  oz.  of  water,  and  the 
amount  of  iron  left  unoxidised  was  determined  by  means  of  a 
dilute  solution  of  permanganate  of  potassa. 

In  Experiment  9,  the  nitre  was  dissolved  in  water  and  poured 
into  the  boiling  solution  while  hydrogen  was  being  evolved. 

In  Experiment  10,  the  solution  of  nitre  was  poured  down  a 
funnel  tube,  the  extremity  of  which  dipped  into  the  acid  solution 
of  iron,  a  column  of  this  solution  having  been  made  to  ascend  in 
the  tube  by  a  momentary  closing  of  the  egress  tube,  so  that  no  air 
whatever  was  introduced. 

In  Experiment  11,  the  nitre  was  placed  in  a  small  bottle;  which 
was  suspended  in  the  flask  by  a  horsehair,  and  was  only  let  down 
when  the  iron  was  completely  dissolved ;  a  layer  of  carbonate  of 
soda  was  placed  over  the  nitre,  to  prevent  any  premature  contact 
with  drops  of  the  acid  liquid. 

In  Experiment  12,  the  solution  was  boiled  for  half  an  hour  after 
the  introduction  of  the  nitre;  in  Experiment  16,  the  boiling  was 
continued  for  six  minutes  only;  in  Experiment  17,  for  twenty 
minutes ;  and  in  Experiment  18,  the  solution  was  boiled  nearly  to 
dryness. 

An  examination  of  this  table  leads  to  some  curious  inferences 
respecting  the  general  working  of  the  process. 

The  first  experiment,  in  which  the  quantities  employed  were 

*  Experiments  12  to  19  were  made  with  perfectly  pure  nitre. 
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almost  exactly  those  recommended  by  Pelouze  —  viz.  2  grms. 
(30*9  grs.)  of  iron  and  1*2  grm.  (18'5  grs.)  of  nitre  —  furnished  a 
result  which  might  have  been  accepted  with  confidence  had  the 
sample  of  nitre  been  supposed  nearly  pure. 

In  the  third,  fourth,  and  fifth  experiments,  where  the  quantity 
of  iron  was  diminished,  and  that  of  the  nitre  increased,  the  amount 
of  nitre  indicated  by  the  oxidised  iron  fell  very  considerably  ;  and 
between  these  three  experiments,  the  quantities  employed  being 
nearly  the  same,  no  great  discrepancy  is  observed. 

When,  however,  as  in  the  sixth  and  seventh  experiments,  the 
quantity  of  the  iron  is  increased,  though  that  of  the  nitre  remains 
the  same,  a  very  considerably  higher  result  is  obtained. 

In  seeking  for  the  cause  of  these  variations,  the  attention  of  the 
authors  was  first  directed  to  that  adverted  to  by  Pelouze— viz. 
the  access  of  air  to  the  solution  containing  the  brown  compound  of 
the  protosalt  of  iron  with  nitric  oxide,  the  tendency  of  this  solu- 
tion to  absorb  oxygen  being  well  known.  The  additional  precau- 
tions taken  to  exclude  air  in  the  ninth  and  following  experiments, 
had  no  effect  in  diminishing  the  error,  which  was,  indeed,  greater 
in  these  experiments  than  in  those  where  no  great  precautions 
were  adopted.  The  sixteenth  and  following  experiments  prove 
•that  the  duration  of  the  ebullition  is  also  without  effect  upon  the 
result. 

In  conducting  these  experiments,  it  was  found  difficult  to  hit  the 
exact  point  at  which  the  addition  of  the  solution  of  permanganate 
of  potassa  should  be  discontinued ;  and  since  it  was  possible  that 
this  might  give  rise,  in  some  degree,  to  the  discrepancy  in  the 
results,  a  number  of  experiments  Avere  made,  in  which  moderately 
diluted  sulphuric  acid  was  substituted  for  the  hydrochloric,  Avhen 
no  such  difficulty  was  experienced,  the  colour  of  the  sesquisulphate 
of  iron  being  far  lighter  than  that  of  the  sesquichloride. 


Table  IL 

L'on 

Nitre 

Nitre 

Exp. 

Nitre. 

Iron. 

unoxidiscd. 

found. 

per  cent. 

1. 

10-00 

22-43 

5-89 

1005 

100-50 

2. 

10-00 

20-00 

3-46 

10-05 

100-50 

3. 

10-00 

31-94 

16-04 

9-67 

96-70 

4. 

6-00 

21-43 

10-91 

6-39 

106-50 

5. 

6-00 

20-20 

8-91 

6-86 

114-33 

6. 

6-00    . 

20-05 

9-51 

6-40 

106-66 

7. 

6-00 

21-63 

11-71 

6-03 

100-50 

8. 

10-00 

32-14 

15-91 

h3 

9-87 

98-70 
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Table  II. 

(continued.) 

Exp. 
9. 

Nitre. 
10-00 

L-on. 

21-35 

Iron 
iinoxidiscd. 

3-82 

Nitre 
found. 

10-60 

Nitre 
per  cent. 

106-00 

10. 

10-00 

30-18 

13-73 

10-00 

100-00 

11. 

10-00 

21-55 

3-65 

10-88 

108-80 

12. 

15-00 

32-20 

6-22 

15-79 

105-26 

13. 

15-00 

32-95 

4-94 

17-03 

113-53 

14. 

18-00 

30-49 

0-51 

18-53 

102-94 

15. 

18-00 

31-02 

1-80 

17-76 

98-66 

16. 

18-00 

31-13 

1-69 

17-90 

99-44 

17. 

18-00 

31-27 

1-63 

18-02 

100-11 

18. 

18;30 

31-49 

1-30 

18-35 

100-27 

19. 

10-00 

30-80 

13-80 

10-30 

103-00 

20. 

18-30 

31-16 

2-10 

17-77 

97-10 

21. 

18-30 

30-36 

0-56 

18-11 

98-96 

In  these  experiments  some  difficulty  occasionally  arose  from  the 
separation  of  an  insoluble  sulphate  of  sesquioxide  of  iron,  Avhich 
was  only  redissolved  with  considerable  difficulty,  and  much  inter- 
fered with  the  ebullition.  In  Experiments  5  and  13,  the  boiling 
was  continued  fur  a  short  time  only,  and  the  solution  had  still  a 
brown  tinge. 

In  Experiments  15,  16,  and  17,  the  solution  was  boiled  as  long 
as  possible;  while  in  Experiment  18  it  was  boiled  only  for  a  short 
time. 

It  is  apparent  from  this  table,  that,  although  the  results  obtained 
with  sulphuric  acid  are  generally  more  concordant  than  those 
obtained  with  hydrochloric  acid,  there  is  yet  too  great  a  variation 
observed  in  the  results  of  several  experiments,  conducted  as  nearly 
as  possible  under  the  same  conditions,  to  allow  of  any  implicit 
confidence. 

The  results  occasionally  exhibited,  both  in  this  and  in  the  pre- 
ceding table,  are  sufficient  to  show  that  there  is  no  want  of  correct- 
ness ill  the  broad  principle  of  the  method,  since  several  experiments 
in  succession  may  furnish  numbers  agreeing  very  closely  with  each 
other.  The  cause  of  the  remarkable  variations  occasionally  ob- 
served must  rather  be  sought  for  in  some  circumstance  not  directly 
connected  with  the  theory  of  the  operation. 

Attention  was  therefore  next  directed  to  the  discovery  of  some 
modification  of  the  method  which  should  so  far  diminish  the  fre- 
quency of  the  variations  as  to  render  it  capable  of  application  in 
commercial  analysis. 
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Previousl}^  liowever,  to  advancing  in  this  bi'ancli  of  the  inquiry, 
it  was  considered  necessary  to  institute  a  few  experiments  in  con- 
firmation of  the  view  generally  taken  respecting  the  action  of  nitric 
oxide  upon  the  protosalts  of  iron. 

5  grs.  of  iron  were  dissolved  in  hydrochloric  acid,  in  a  flask 
through  which  a  stream  of  carbonic  acid  was  passed  in  order  to 
exclude  air:  when  the  iron  was  entirely  dissolved,  the  flask  was 
connected  with  an  apparatus  from  which  binoxide  of  nitrogen 
(prepared  by  the  action  of  dilute  nitric  acid  upon  copper,  and 
transmitted  through  water)  was  passed  to  complete  saturation  ;  the 
solution  was  then  boiled  while  a  stream  of  carbonic  acid  was  passed 
through  it,  until  all  the  binoxide  of  nitrogen  was  expelled.  The 
solution  of  permanganate  of  potassa  indicated  4'962  grs.  of  iron, 
showing  that  nitric  oxide  is  without  effect  if  air  be  excluded. 

Three  experiments  with  larger  quantities  of  iron  confirmed  this 
result : — 


;xp. 

Iroa  employed. 

Recovered. 

1. 

13-88 

13-79 

2. 

lo-08 

15-00 

3. 

14-99 

14-88 

3  grs.  of  iron  were  dissolved  in  a  similar  manner,  and,  the 
solution  having  been  saturated  with  nitric  oxide,  the  cork  and 
tubes  were  very  rapidly  withdrawn,  replaced  by  a  cork  with  a 
capillary  tube,  and  the  experiment  terminated  as  usual ;  the  per- 
manganate of  potassa  then  indicated  only  1*602  grs,  of  unoxidised 
iron,  nearly  one-half  of  the  protoxide  having  been  converted  into 
sesquioxide  by  the  air  admitted  when  the  cork  was  changed. 

Some  experiments  were  then  tried  in  which  the  solution,  after 
saturation,  was  boiled  only  for  five  minutes  in  the  stream  of  car- 
bonic acid,  when  it  was  found  that  although  the  brown  colour  of 
the  solution  had  changed  to  a  light  yellow,  there  must  still  have 
been  a  little  nitric  oxide  left  in  the  liquid  when  it  was  brought 
in  contact  with  the  air,  since  a  considerable  amount  of  iron  had 
been  peroxidised. 


Exp. 

Iron  employed. 

Iron  recovered, 

1. 

14-96 

13-75 

2. 

14-44 

14-02 

3. 

13-35 

13-22 

4. 

11-49 

11-40 

When  the  solution  of  protochloride  of  iron  was  saturated  with 

h4 
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)utric  oxide  in  a  flask  filled  with  carbonic  acid,  and  the  iron  deter- 
mined without  boiling,  an  excess  of  the  solution  of  permanganate 
of  potassa  was  consumed. 


1. 

Iron  cmjiloyccl. 
12-81 

Iron  recovered 
(apparently). 

16  00 

2. 

12-85 

14-40 

3. 

12-12 

16-25 

This  result  was  explained  when  some  nitric  oxide  was  passed 
into  water,  in  a  flask  filled  with  carbonic  acid,  and  permanganate 
of  potassa  was  afterwards  added,  when  a  rapid  deoxidation  took 
place,  but  onlj  upon  the  surface. 

The  action  of  nitric  oxide  upon  the  acid  solution  of  protosulphate 
of  iron  was  then  examined. 

11-68  grs.  of  iron  were  dissolved  in  sulphuric  acid,  the  solution 
saturated  with  nitric  oxide,  in  a  flask  filled  with  carbonic  acid, 
and  the  nitric  oxide  subsequently  expelled  by  boiling  the  solution, 
when  the  stream  of  carbonic  acid  was  rapidly  passed ;  the  per- 
manganate of  potassa  then  indicated  11-63  grs.  of  iron,  proving 
that,  if  air  be  excluded,  nitric  oxide  is  without  effect  upon  the 
solution. 

Four  experiments  conducted  in  a  similar  manner,  except  that 
the  stream  of  carbonic  acid  was  not  continued  while  the  nitric 
oxide  was  being  expelled,  showed  how  slight  an  access  of  air  can 
modify  the  result. 

Exp.  Iron  employed.  Iron  recovered. 

1.  13-76  13-47 

2.  1214  11-93 

3.  11-04  10-45 

4.  12-14  11-70 

In  the  following  experiments,  the  solution  w^as  treated  with 
binoxide  of  nitrogen  in  a  flask  filled  with  carbonic  acid,  the  excess 
of  the  binoxide  afterwards  displaced  by  that  gas,  and  the  iron 
determined  without  boiling  the  solution. 


Exp. 
1. 

Iron  employed. 
11-05 

Iron  recovered. 
11-02 

2. 

11-93 

11-91 

3. 

13-02 

13-06 

4. 

12-03 

12-04 

5. 

12-32 

12-24 
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The  difference  cannot  fail  to  be  remarked  between  the  results 
in  these  cases,  and  in  the  corresponding  experiments  with  the 
hydrochloric  solution, — a  difference  which  may  perhaps  be  explained 
by  the  circumstance  that  a  more  stable  compound  is  formed  by 
nitric  oxide  with  the  protosulphate  than  with  the  protochloride  of 
iron,  and  therefore  that,  in  the  case  of  the  sulphuric  solution,  the 
residual  binoxide  of  nitrogen  does  not  so  readily  undergo  partial 
oxidation  at  the  expense  of  the  air,  and  thus  become  capable  of 
reducing  the  permanganate.  Some  confirmation  is  afforded  to 
this  view  by  the  circumstance  that  the  expulsion  of  the  nitric 
oxide  from  the  sulphuric  solution  is  far  more  gradual  and 
difficult  than  when  hydrochloric  acid  has  been  employed. 

From  these  experiments  it  is  quite  evident  that  the  binoxide  of 
nitrogen  is  without  effect  upon  the  acid  solutions  of  the  protosalts 
of  iron,  if  air  be  entirely  excluded,  but  that  unless  the  most  rigid 
precautions  are  taken  to  ensure  this,  an  oxidation  of  a  part  of  the 
protoxide  of  iron  is  inevitable. 

It  then  became  necessary  to  endeavour  to  modify  the  process  in 
such  a  manner  as  to  preclude  the  possibility  of  an  error  from  this 
cause. 

The  iron  was  dissolved  in  hydrochloric  acid,  in  a  flask  filled 
with  carbonic  acid  gas,  and  the  nitre,  having  been  suspended  in  a 
small  tube,  was  let  down  into  the  solution  when  all  the  air  had 
been  expelled;  in  this  case  far  too  little  nitre  was  obtained. 
Imagining  that  the  deficiency  might  be  due  to  the  action  of  the 
vapour  of  hydrochloric  acid  upon  the  nitre,  the  latter  was  covered 
in  the  tube  with  a  laj^er  of  bicarbonate  of  soda,  but  still  a  great 
deficiency  was  observed.  In  order  to  avoid  any  possibility  of 
error  from  the  rapid  evolution  of  carbonic  acid  when  the  tube 
was  allowed  to  fall  into  the  liquid,  a  layer  of  borax  was  substituted 
for  the  bicarbonate,  but  only  93  parts  for  100  of  niti'e  were  obtained. 

In  order  to  ascertain  how  far  the  loss  might  be  due  to  the 
expulsion  of  nitric  acid,  as  such,  when  the  nitre  came  suddenly 
in  contact  with  the  boiling  liquid,  two  experiments  were  made,  in 
an  apparatus  filled  with  carbonic  acid,  the  nitre  being  introduced 
only  when  the  solution  had  quite  cooled.  The  first  gave  89,  the 
second  94  per  cent,  of  nitre  in  the  pure  salt. 

A  few  of  the  experiments  tried  with  every  precaution  to  exclude 
air  gave  very  accurate  results,  but  the  circumstances  regulating 
these  appeared  to  be  so  far  beyond  control,  that  it  was  impossible 
to  obtain  similar  results  from  three  or  four  experiments  in  succes- 
sion, conducted  with  apparently  equal  care.   The  experiments  were 
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varied  by  employing  sulphuric  instead  of  hydrochloric  acid,  but 
Avithout  any  beneficial  result. 

With  a  view  to  ascertain  how  far  the  errors  raicrht  be  connected 
with  the  imperfect  deoxidation  of  the  nitric  acid  by  the  protosalt  of 
iron,  the  following  experiments  were  undertaken,  in  which  the 
evolved  gas  was  collected  and  examined. 

22-93  grs,  of  iron  Avere  dissolved  in  dilute  sulphuric  acid 
(sp.  gr.  1'3),  and,  as  soon  as  all  the  air  had  been  expelled, 
14  grs.  of  nitre,  contained  in  a  small  tube,  were  dropped  into  the 
liquid,  the  gas  being  collected  over  mercury :  after  the  ebullition 
had  been  continued  until  the  brown  colour  of  the  liquid  had  dis- 
appeared, the  volume  of  gas  was  1 1  cub.  in. 

2  cub.  in.  of  this  gas,  exposed  to  the  action  of  hydrate  of 
potassa,  did  not  diminish  in  volume. 

2  cub.  in.,  treated  with  solution  of  protosulphate  of  iron,  left 
only  0"03  cub.  in.  unabsorbed ;  it  therefore  consists  of  nearly 
pure  nitric  oxide,  the  small  unabsorbed  portion  being  due  probably 
to  the  residual  air. 

Theoretically,  the  14  grs.  of  nitre  should  have  yielded  12*98 
cub.  in.  of  nitric  oxide. 

The  amount  of  nitre  inferred  from  the  determination  of  the 
unoxidised  iron  was  only  86  per  cent.,  while  the  11  cub.  in.  of 
binoxide  of  nitrogen  would  represent  84  per  cent.,  which  is 
sufficient  to  show  that  the  oxidation  of  the  iron  is  attended  with  a 
corresponding  evolution  of  that  gas. 

In  a  second  experiment,  the  nitre  was  covered  with  a  layer  of 
borax,  to  prevent  any  loss  of  nitric  acid  from  the  spirting  of  the 
acid  liquid  into  the  bottle. 

Iron  employed         .         .         .         .47*3     grs. 

Nitre     „    " 15-3       „ 

Total  vol.  of  gas     .         .         .         .     12"75  cub.  in. 

which  was  proved,  as  before,  to  be  pure  nitric  oxide. 

Theoretically,  14*9  cub.  in.  of  gas  should  have  been  obtained. 

The  amount  of  nitre  corresponding  to  the  iron  oxidised  was 
90-6  per  cent.,  while  the  12*75  cub.  in.  of  gas  would  represent 
89*1 5  per  cent,  of  nitre. 

This  affords  a  still  closer  confirmation  of  the  general  opinion 
respecting  the  action  of  nitre  upon  the  acid  solutions  of  protosalts 
of  iron. 

Two  additional  experiments  exhibited  the  marked  deficiency  in 
the  nitric  oxide  evolved. 
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1. 

Iron. 

20-81 

Nitre. 

12-17 

Nitric  oxide. 

10-89  cub.  in. 

Nitre  calculated  from  the 
nitric  oxide. 

11-74       96-46  p.  c. 

2. 

42-07 

17-54 

13-17       „ 

14-09       80-33    „ 

The  next  question  for  consideration  was,  ^Yhat  became  of  the 
nitric  acid  not  represented  by  the  binoxide  of  nitrogen  evolved? 
With  reference  to  this  point,  an  experiment  was  made  in  such  a 
manner  that  the  steam  evolved  while  the  nitre  remained  sus- 
pended in  the  flask  could  be  passed  into  a  solution  of  blue  litmus. 
The  latter  was  not  perceptibly  reddened,  showing  that  no  nitric 
acid  was  carried  off  in  consequence  of  the  accidental  contact 
with  drops  of  sulphuric  acid  before  the  salt  was  allowed  to  fall  into 
the  liquid. 

Iron  employed  .         .         .29-89  grs. 

Nitre       „        .         .         .         .     17-80     „ 
Nitric  oxide     .         .         .         .14-65  cub.  in. 
which  correspond  to  only  15-68  grs.  of  nitre,  or  88-09  per  cent. 

In  the  following  experiment,  the  evolved  gas  was  passed  through 
a  solution  of  pure  carbonate  of  soda,  which  was  afterwards  eva- 
porated to  dryness.  A  portion  of  the  residue,  when  treated  with 
dilute  sulphuric  acid,  evolved  red  fumes  of  nitrous  acid :  after 
boiling  the  liquid  till  no  more  red  fumes  were  evolved,  abundance 
of  nitric  acid  was  detected  by  the  tests  with  indigo  and  sulphate 
of  iron,  showing  that  nitrous  (and  perhaps  nitric)  acid  had  escaped 
deoxidation. 

Iron  employed  .         .         .     33-95  grs. 

Nitre       „  .         .         ."    19-66     „ 

Nitric  oxide  (after  removing  the 

carbonic  acid)       .         .         .     13*52  cub.  in. 
corresponding  to  only  7  3 '5 8  per  cent,  of  nitre. 

To  prove  that  no  error  was  caused  by  the  method  of  suspending 
the  nitre  in  this  experiment,  another  was  performed  in  the  same 
manner,  except  that  the  tube  containing  the  nitre  was  allowed 
to  remain  suspended  above  the  surface  of  the  boiling  acid  liquid, 
as  usual,  and  not  allowed  to  drop  down:  in  this  case  no  trace  of 
nitrous  or  nitric  acid  was  found  in  the  solution  of  carbonate  of 
soda. 

In  the  next  experiment,  the  tube  containing  the  nitre  was  not 
suspended  by  a  horsehair,  but  merely  lodged  on  a  cork  shelf  in  the 
neck  of  the  flask,  so  that  it  could  be  allowed  to  descend  into  the 
liquid  by  merely  turning  the  flask,— thus  preventing   any  error 
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which  might  be  caused  by  the  accidental  admission  of  air  while 
loosening  the  cork  to  disengage  the  horsehair. 

45  grs.  of  iron  and  20  of  nitre  were  employed,  and  the  gas 
was  passed,  as  before,  through  a  solution  of  carbonate  of  soda, 
which  was  afterwards  found  to  contain  little  nitrous  acid,  but  a 
considerable  quantity  of  nitric  acid.  The  solution  remaining  in 
the  boiling-flask  after  the  experiment  was  decomposed  with  car- 
bonate of  soda  (previously  tested  for  nitric  acid)  filtered  from  the 
iron  precipitate,  evaporated  to  dryness,  treated  with  an  excess  of 
dilute  sulphuric  acid,  which  did  not  evolve  any  fumes  of  nitrous 
acid,  afterwards  mixed  with  a  large  quantity  of  concentrated 
sulphuric  acid,  and  distilled.  When  a  part  of  the  liquid  had 
distilled  over,  it  was  tested  with  solution  of  indigo,  which  indicated 
scarcely  a  trace  of  nitric  acid,  although  this  could  be  very  readily 
detected  in  the  contents  of  the  retort.  Moreover,  no  nitric  acid 
could  be  found  in  the  succeeding  portions  of  the  distillate, 
although  the  distillation  was  pushed  to  the  utmost. 

This  observation  possesses  some  importance  in  an  analytical 
]K)int  of  view,  explaining,  as  it  does,  the  inaccuracy  (gene- 
lally  ackno^^■ledged)  of  the  method  of  determining  nitric  acid  in 
the  nitrates  by  distilling  with  sulphuric  acid,  and  proving  the 
necessity  for  caution  in  testing  for  nitric  acid  by  this  method. 
Several  experiments  afforded  full  confirmation  of  the  fact  that 
nitric  acid,  and  occasionally  nitrous  acid,  could  be  found  in  the 
vapours  evolved  during  the  action  of  the  nitre  upon  an  acid 
solution  containing  a  large  excess  of  protosulphate  of  iron,  and 
that  the  solution  in  the  flask  often  contained  a  considerable  quantity 
of  undecomposed  nitric  acid. 

It  naturally  excited  great  surprise  that  nitric  acid  should  be 
capable  of  existing,  though  in  relatively  small  quantity,  in  a  solu- 
tion of  protosulphate  of  iron  which  contained  a  large  excess  of 
sulphuric  acid,  and  had  been  boiled  for  a  considerable  time. 
Numerous  experiments,  however,  made  with  the  greatest  care  and 
with  varying  proportions,  have  perfectly  convinced  the  authors 
of  the  fact.  Judging  from  the  experiment  above  mentioned,  where 
the  nitric  acid  could  not  be  recovered  by  distillation,  it  would 
seem  probable  that  this  acid  may  be  supposed  to  have  remained  in 
the  solution  in  the  form  of  undecomposed  nitrate  of  potassa, —  a 
supposition  which  is  assuredly  less  preposterous  than  that  it  should 
exist  in  the  free  state. 

It  still  remained  to  be  proved  whether  the  action  of  a  hydro- 
chloric solution-was  similar  to  that  i:i  which  sulphuric  acid  was  used. 
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The  nitre  was  suspended,  as  usual,  in  a  small  tube,  and  covered 
with  a  layer  of  carbonate  of  soda ;  the  evolved  gas  was  passed 
into  water  excluded  from  air.  This  was  found,  after  the  experi- 
ment, to  contain  a  very  slight  trace  of  nitric  acid. 

Iron  employed         .         .     35'67    grs. 
Nitre       „ "    .         .         .     15-00     „ 
Iron  unoxidised       .         .      11*23     „ 
indicating  99'06  per  cent,  of  nitre. 

The  evolved  gas  consisted  only  of  nitric  oxide  mixed  with  a 
little  carbonic  acid  from  the  carbonate  of  soda. 

No  appreciable  quantity  of  chloride  of  iron  was  found  in  the 
water  through  which  the  gas  had  been  passed. 

Another  experiment  was  performed  in  a  similar  manner,  the 
evolved  gas  being  conducted  through  a  solution  of  carbonate  of 
soda,  which  was  found  to  contain  a  trace  of  nitric  acid  after  the 
experiment. 

No  nitric  acid  could  be  detected  in  the  iron  solution. 

In  a  third  experiment,  with  similar  proportions,  the  gas  was  first 
passed  into  a  small  flask  containing  water  (to  absorb  the  hydro- 
chloric acid),  and  then  into  a  flask  containing  a  considerable  quan- 
tity of  moistened  carbonate  of  soda.* 

The  iron  solution  was  decomposed  by  carbonate  of  soda,  and 
carefully  tested  for  nitric  acid,  but  without  result; 

An  experiment  was  then  made  in  which  the  tube  containing  the 
nitre  (covered  with  carbonate  of  soda)  was  allowed  to  slip  down 
into  the  solution  without  loosening  the  cork. 

In  this  case,  also,  abundance  of  nitric  acid  was  found  in  the 
condensing  flask. 

Iron  employed         .         .     34*52   grs. 
Nitre       „       .         .         .     15*00     „ 
Iron  unoxidised       .         .     10*61     „ 
corresponding  to  96*8  per  cent. 

To  prove  that  the  nitric  acid  was  not  accidentally  carried  over 
before  the  nitre  was  brought  in  contact  with  the  iron  solution,  tlio 
last  experiment  was  repeated,  but  without  allowing  the  nitre  to 
drop  into  the  flask  :  in  this  case,  although  the  ebullition  was  con- 
tinued for  an  imusual  period,  no  trace  of  nitric  acid  could  be 
detected  in  the  condensing  flask. 

*  It  is  worthy  of  remark  that  in  this  case  the  -n-ater  in  the  condensing- fl;xsk  con- 
tained a  very  appreciable  amount  of  iron.  A  small  amount  of  nitric  acid  was  also 
found  in  this  flask,  but  a  far  larger  quantity  in  that  containing  the  carbonate  of  soda  : 
no  nitrous  acid  was  detected. 
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Ill  one  experiment,  a  layer  of  quicklime  was  placed  over  the 
nitre,  to  prevent  any  loss  of  nitric  acid  due  to  the  sudden  evolution 
of  carbonic  acid  from  the  carbonate  of  soda ;  but  in  this  case  only 
95 '6  per  cent,  of  nitre  was  obtained,  and  a  considerable  quantity 
of  nitric  acid  was  found  in  the  condensing-flask. 

The  most  important  conclusions  wliich  can  be  drawn  from  the 
experiments  above  detailed  may  be  stated  as  follows:  — 

1.  That  the  reaction  upon  which  the  method  in  question  is 
founded  is  perfectly  correct,  and  therefore  it  frequently  happens 
that  most  accurate  results  are  furnished  by  it ;  but 

2.  That  these  results  are  extremely  liable  to  certain  disturbing 
causes,  which  are  so  far  beyond  the  control  of  the  operator  as  to 
deprive  the  method  of  that  certainty  so  essential  to  any  process  in 
use  for  commercial  analysis. 

3.  That  a  very  important  source  of  error,  in  the  ordinary  mode 
of  proceeding,  is  the  absorption  of  oxygen  from  the  air;  and 
although  the  oxidation,  through  the  intervention  of  the  nitric  oxide 
with  which  the  flask  is  filled,  may  be  prevented  by  simple  arrange- 
ments, it  is  very  difficult,  especially  when  sulphuric  acid  is  em- 
ployed, to  ensure  the  complete  expulsion  of  the  nitric  oxide  from 
the  iron  solution ;  and  when  the  latter,  containing  still  a  little  of 
this  gas,  is  brought  in  contact,  at  a  high  temperature,  with  the  air, 
oxidation  immediately  ensues,  thus  causing  an  apparent  increase  in 
the  amount  of  nitre  obtained.  This  source  of  error  was  adverted 
to  by  Pelouze  in  his  original  memoir. 

4.  That  a  variable  quantity  of  nitric  (and  sometimes  of  nitrous) 
acid  escapes  unreduced,  when  nitrate  of  potassa  is  introduced  into 
boilino-  acid  solutions  of  protochloride  or  protosulphate  of  iron,  even 
in  large  excess. 

5.  That  when  nitrate  of  potassa  is  introduced  into  a  boiling 
solution  of  protosulphate  of  iron,  containing  a  large  excess  of  sul- 
phuric acid,  an  appreciable  quantity  of  nitric  acid  may  remain  in 
the  solution,  even  after  prolonged  ebullition. 

The  authors  next  examined  the  method  of  Gay-Lussac. 

Since,  apart  from  other  considerations,  the  accuracy  of  this  pro- 
cess depends  upon  the  degree  of  precision  with  which  neutralisation 
is  effected  by  means  of  an  acid  of  known  strength,  it  became 
necessary  to  institute  some  experiments  for  the  purpose  of  deter- 
mininfj  the  essential  conditions  for  attaining  this  object. 

The  measure  employed  for  the  acid  was  a  tube  burette,  of  the 
form  now  generally  in  use,  having  a  fine  opening  for  delivering  the 
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acid.      This  instrument  was  capable  of  containing  1000  grains   of 
water,  and  was  divided  into  200  equal  parts. 

The  different  specimens  of  acid  employed  were  so  far  diluted 
that  a  little  less  than  1000  grain -measures  were  required  to  neu- 
tralise the  amount  of  carbonate  of  potassa  corresponding  to  20  grains 
of  nitre.  An  acid  of  this  description  contains  from  8*  to  8*5  grains 
of  SOg  in  1000  grain-measures.  The  strength  of  the  acid  having 
been  approximately  ascertained  by  the  neutralisation  of  a  known 
weight  of  carbonate  of  soda,  was  finally  determined  with  the  greatest 
possible  accuracy  by  precipitation  as  sulphate  of  baryta. 

An  aqueous  infusion  of  litmus,  free  from  alkali,  was  employed 
to  colour  the  solution  under  examination,  the  same  quantity  being 
used  in  every  case,  so  as  to  impart  a  rather  deep  blue  colour  to  the 
liquid. 

It  was  found,  by  several  preliminary  experiments,  that  the 
transition  of  the  colour  of  the  litmus  was  difficult  to  appreciate 
exactly,  until  the  liberated  carbonic  acid  had  been  expelled,  on 
account  of  the  wine-red  tint  which  the  latter  imparted  to  the  liquid. 
Experiments  with  pure  carbonate  of  soda  showed  that  no  difference 
in  the  results  was  obtained,  whether  the  carbonic  acid  was  removed 
by  exposure  in  vacuo  or  by  ebullition.  The  most  convenient 
method  of  proceeding  is  to  add  to  the  coloured  alkaline  liquid,  con- 
tained in  a  flask,  a  sufficient  quantity  of  acid  to  produce  the  wine- 
red  tint ;  to  heat  the  mixture  to  ebullition,  adding  a  few  drops  of 
acid  from  time  to  time,  until  the  peculiar  onion-skin- red  colour,' 
imparted  by  the  stronger  acids  to  litmus,  is  obtained.  The  accurate 
appreciation  of  the  colour  is  much  facilitated  by  using,  as  a 
standard  of  comparison,  a  similar  quantity  of  coloured  water,  to 
\vhich  a  few  drops  of  sulphuric  acid  have  been  added. 

In  the  latter  part  of  the  present  series  of  experiments,  it  was  cus- 
tomary to  continue  the  addition  of  the  acid,  drop  by  drop,  to  the 
solution,  which  was  boiled  after  each  addition,  until  it  failed  to 
produce  in  the  liquid  a  cloud  of  a  lighter  colour.  The  observations 
were  made  by  holding  the  flasks  at  a  little  distance  over  a  sheet  of 
white  paper. 

The  lamp-black  employed  in  the  experiments  left  merely  an 
inconsiderable  amount  of  residue  upon  incineration.  It  was 
thoroughly  ignited  in  a  closed  crucible  before  use.  The  chloride 
of  sodium  was  perfectly  pure,  and  carefully  dried. 

A  number  of  experiments  were  first  made  with  the  proportions 
generally  recommended  in  chemical  works;  namely,  1  part  of 
lamp-black,  4  of  nitre,  and  24  of  salt:  20  grains  of  nitre  were 
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employed  for  most  of  the  experiments.  This  ^yas  mixed  with  the 
lamp-black  in  a  platinum  crucible,  with  the  aid  of  a  glass  rod. 
The  chloride  of  sodium  was  then  added,  and  a  very  intimate  mix- 
ture effected  in  the  same  manner.  The  crucible  was  then  covered 
and  cautiously  heated,  so  that  deflagration  might  take  place  with 
moderate  violence.  It  was  afterwards  heated  to  redness  for  two 
or  three  minutes.  On  cooling,  the  mass  was  thrown  into  a  beaker, 
treated  with  hot  water,  the  residual  carbon  filtered  off  and  com- 
pletely washed,  and  the  alkalinity  determined  according  to  the 
manner  above  described. 


Table  III. 

Exp. 

Nitre  found. 

Nitre  per  ce 

1. 

19-84 

99-20 

2. 

19-95 

99-75 

3. 

19-95 

99-75 

4. 

19-74 

98-70 

5*. 

18-74 

93-70 

6*. 

18-89 

94-45 

7*. 

19-34 

96-70 

8t. 

15-77 

93-80 

9$. 

17-13 

85-65 

10. 

19-86 

99-29 

11. 

19-99 

99-99 

12. 

19-09 

95-45 

13. 

19-59 

97-95 

14. 

19-59 

97-95 

15. 

19-88 

99-40 

16$. 

17-66 

88-30 

17$. 

17-96 

89-80 

18. 

19-79 

98-95 

In  No.  7  the  ingredients  were  very  intimately  mixed  in  a  mor- 
tar, with  a  view  of  ascertaining  whether  the  deficiency  in  former 
experiments  might  have  arisen  from  imperfect  mixture. 

No.  11  was  not  heated  after  the  deflagration  had  ceased. 

Nos.  10,  12,  13,  and  14  M'ere  heated  to  full  redness  for  five 
minutes  after  deflagration  had  ceased. 

It  will  be  seen,  from  the  results  contained  in  the  preceding  table, 
that  considerable  uncertainty  attends  this  method  of  proceeding ; 

*  Nos.  5,  6,  and  7  were  portions  of  the  same  commercial  sample  of  nitre,  known' 
to  contain  not  less  than  9S  per  cent. 

f  No.  8  consisted  of  a  mixture  of  95  jarts  of  pure  nitre  with  3  parts  of  chloride  of 
sodinm  and  2  parts  of  sulphate  of  potassa,  made  to  imitate  a  specimen  of  commercial 
nitre.     The  quantity  employed  was  16-83  grains. 

.";  Xos.  9,  IG,  and  17  consisted  of  a  similar  mixture,  containing  90  per  cent,  of 
pure  nitre. 
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for,  although  several  of  the  numbers  approach  very  nearly  to  those 
required  by  theory,  others  exhibit  a  very  considerable  deficiency, 
without  any  essential  difference  in  the  manner  of  conducting  the 
experiments  in  each  case. 

Experiments  were  next  made  to  determine  whether  the  method 
of  mixincT  the  ino-redients,  or  the  degree  and  duration  of  the  heat 
applied,  exerted  any  important  influence  over  the  results.  Some 
determinations,  in  which  the  materials  were  intimately  mixed  in  a 
mortar  and  heated,  in  some  cases  merely  with  a  spirit-lamp,  in 
others  to  complete  fusion  of  the  mass,  yielded  results  exhibiting 
similar  discrepancies  to  those  formerly  observed. 

After  it  had  been  shown,  by  experiments  conducted  in  such  a 
manner  that  the  volatile  products  could  be  collected  and  examined, 
that  no  volatilisation  of  potassium  took  place  during  the  deflagration, 
and  that  no  appreciable  amount  of  alkali  remained  adhering  to  the 
residual  carbon,  some  determinations  were  made  with  a  view  of 
ascertaining  whether  the  deoxidation  of  the  nitre,  in  the  presence  of 
an  excess  of  carbon,  was  in  all  cases  complete. 

60  grains  of  pure  nitre,  15  of  lamp-black,  and  360  of  chloride  of 
sodium,  were  deflagrated  at  a  fair  red  heat.  The  mass  was  ex- 
tracted with  water  in  the  usual  manner,  and  the  residual  charcoal 
weighed:  it  amounted  to  6*1  grains.  The  aqueous  solution  was 
concentrated  by  evaporation,  and  mixed  with  strong  sulphuric  acid, 
when  it  evolved  a  powerful  odour  of  chlorine,  and  exerted  a  decided 
bleaching  action  upon  indigo,  indicating  the  presence  of  nitric  acid. 

Another  similar  experiment,  in  wliich  the  usual  quantities  of  the 
ingredients  were  employed,  gave  only  91*95  per  cent,  of  nitre. 
The  presence  of  unaltered  nitric  acid  in  the  solution  of  the  de- 
flagrated mass  was  shown  also  in  this  case.  A  repetition  of  the 
experiment  gave  a  similar  result. 

In  two  other  determinations,  the  amount  of  alkali  was  estimated 
by  the  use  of  hydrochloric  acid  of  known  strength,  in  place  of 
sulphuric  acid ;  the  neutralised  solutions  being  subsequently  evapo- 
rated, and  the  residues  again  ignited  with  an  additional  quantity  of 
lamp-black,  in  order  to  determine  quantitatively  the  nitre  left  un- 
changed. 

1,  20  grains  of  nitre  were  employed  ;  the  amount  of  alkali  pro- 
duced in  the  first  deflagration  corresponded  only  to  19*34  grs.,  or 
96'70  per  cent,  of  nitre.  The  second  deflagration  of  the  neutralised 
residue  gave  0*53  grs.  of  nitre,  or  2*65  per  cent. ;  giving  a  total  of 
99*35  per  cent. 

2.  20  grains  of  nitre  yielded  by  the  first  deflagration  19*46  grs., 
VOL.  IX. — NO.  XXXIV.  I 


114  MESSRS.  F.  A.  ABEL   AND   C.  L.  BLOXAM   ON 

or  97-3  per  cent. ;  by  the  second,  0*59  of  unaltered  nitre:  making 
in  all  100*25  per  cent. 

Hence  it  will  appear  that,  allowing  for  the  unavoidable  errors  in 
these  processes,  the  amount  of  nitre  left  unchanged  after  the  first 
deflagration  just  supplied  the  deficiency. 

Table  IV.  contains  the  results  of  some  experiments  made  with 
the  modifications  above  alluded  to. 


Table  IV. 

Exp. 

Nitre  found. 

Nitre  per  cent. 

1. 

19-84 

99-20 

2*. 

18-39 

91-95 

3t. 

17-21 

86-05 

4t. 

18-43 

92-18 

5t. 

19-64 

98-20 

6$. 

19-09 

95-45 

7. 

19-59 

97-95 

In  the  preceding  table,  only  those  experiments  are  quoted  which 
exhibited  any  remarkable  deficiency.  It  must,  in  fairness,  be 
stated  that  in  some  other  experiments  made  under  similar  circum- 
stances very  satisfactory  numbers  were  obtained,  although  no  rea- 
son for  the  difierence  could  be  traced  in  the  method  of  proceeding. 

It  naturally  suggested  itself  that  some  alteration  in  the  propor- 
tions of  the  ingredients  might  ensure  a  more  accurate  result ;  and 
with  this  view  the  experiments  given  in  Table  V.  were  undertaken. 

Table  V. 
(Nitre  employed,  20  grs.) 


Exp, 

Lamp-black. 

Salt. 

Nitre  found. 

Nitre  per  cent. 

1§. 

8-0 

120 

19-10 

95-50 

2. 

10-0 

120 

2010 

100-50 

3. 

10-0 

120 

19-84 

99-20 

4||. 

3-0 

120 

18-59 

92-95 

5||. 

3-5 

120 

19-72 

98-60 

6. 

3-5 

120 

19-59 

97-95 

n. 

5-0 

80 

17-86 

89-30 

8**. 

10-0 

120 

18-89 

94-45 

*  No.  2  was  heated  in  a  muffle  to  complete  fusion,  after  deflagration. 

t  Nos.  3  and  4  -were  made  with  an  artificial  mixture  containing  95  per  cent,  of  nitre. 

X  In  Nos.  5  and  6  the  residual  carbon  was  weighed,  and  subsequently  incinerated. 
In  No.  5,  re  grs.  of  charcoal  was  left  unconsumed,  and  yielded  O'll  of  ash.  In  No.  6, 
1-2  grs.  of  charcoal  was  left,  and  furnished  0-076  of  ash. 

§  In  No.  1,  20-1  grs.  of  nitre  were  employed. 

II  In  Nos.  4  and  5,  nitric  acid  was  detected  after  the  deflagration,  although  some 
carbon  was  left  unconsumed. 

^  No.  7  was  made  with  a  mixtiu-c  containing  92  per  cent,  of  nitre. 

**  No.  8  was  projected  by  degrees  into  the  crucible. 
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The  numbers  above  quoted  show  that  neither  the  increase  nor 
the  diminution  of  the  amount  of  lamp-black  was  attended  with 
any  beneficial  result.  Indeed,  the  alterations  in  the  proportions 
appeared  to  increase  the  chances  of  error,  satisfactory  results 
being  much  less  frequently  obtained. 

On  examining  the  various  specimens  of  lamp-black  employed  in 
all  the  experiments  alluded  to,  tliey  were  found  to  contain  a  very 
appreciable  amount  of  sulphur.  ;  Since  it  was  deemed  possible 
that  the  presence  of  this  impurity  might  exert  some  influence 
upon  the  results  obtained,  it  was  determined  to  substitute,  fur  the 
lamp-black,  charcoal  obtained  by  the  complete  calcination  of 
washed  starch. 

Table  VI.  contains  results  of  some  of  the  determinations  made 
with  this  variety  of  charcoal. 

Table  VI. 
(Nitre  employed,  20  grs.) 


Exp. 

Charcoal. 

Salt. 

Nitre  found. 

Nitre  per  cent. 

1. 

10 

80 

21-60 

108-00 

2. 

10 

80 

20-35 

101-75 

3. 

10 

80 

21-10 

105-50 

4. 

10 

120 

21-10 

105-50 

5. 

10 

80 

21-05 

105-25 

6*. 

10 

80 

20-60 

103-00 

7. 

20 

80 

21-60 

108-00 

8. 

20 

80 

21-35 

106-75 

9. 

20 

80 

21-85 

109-25 

10. 

30 

80 

20-22 

101-10 

11. 

20 

80 

20-52 

102-59  t 

These  results  naturally  excited  surprise,  as  In  every  case  the 
amount  of  carbonate  of  potassa  indicated  by  the  standard  acid 
considerably  exceeded  tliat  which  corresponded  to  the  amount  of 
nitre  present.  They  served,  however,  to  recall  to  mind  the  cir- 
cumstance that  an  excess  had  occasionally  been  obtained  in  the 
former  experiments,  in  which  lamp-black  was  employed,  but  on 
which  little  stress  had  been  laid,  since  they  were  comparatively 
so  seldom  met  with  as  to  be  attributed  to  some  accidental  circum- 
stance. 

*  In  No.  6  the  quantities  were  doubled,  40  grs.  of  nitre  being  employed,  to  see 
•whether  the  error  was  much  diminished. 

f  Two  experiments  were  made,  in  which  wood-charcoal  was  substituted  for  charcoal 
from  starch.  The  results  were,  in  one  case,  5-95  per  cent.,  and  in  the  second,  lf>-4  per 
cent.,  in  excess. 

I  2 


Table  VII. 

itre  found. 

Nitre  per  cent. 

23-26 

116-30 

23-04 

115-20 

22-21 

111-70 

22-40 

112-00 

19-09 

95-45 

1914 

95-70 

20-14 

100-70 

20-05 

100-25 

18-21 

91-05 
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Some  of  these  results  are  collected  in  Table  VII. 

Exp. 

1. 

2*., 
Sf. 

41:. 
5§. 
6§. 

7. 
8. 

9||. 

No  other  mode  of  accounting  for  the  excess  could  at  first  be 
imagined,  than  to  attribute  it  to  the  production  of  some  soda  from 
the  chloride  of  sodium  by  the  action  of  the  carbon,  and  possibly  a 
little  moisture,  at  the  high  temperature  produced  by  the  deflagra- 
tion; but  a  number  of  experiments,  made  under  circumstances 
which  were  assimilated  as  nearly  as  possible  to  those  of  the 
deflag-rations  with  nitre,  showed  that  the  slio;ht  amount  of  decom- 
position  suffered  by  the  chloride  of  sodium  in  a  deflagration  is 
quite  insufficient  practically  to  influence  the  results. 

It  next  became  necessary  to  examine  the  action  of  the  standard 
acid  upon  the  solution,  coloured  with  litmus,  in  order  to  ascertain 
if  any  source  of  error  could  there  be  traced. 

In  some  instances,  when  the  solution  had  been  neutralised  before 
boiling,  it  was  observed  that  the  blue  colour  of  the  litmus  returned 
when  the  liquid  attained  the  boiling  point,  and  that,  even  after 
repeated  changes  to  red,  by  the  addition  of  successive  portions  of 
acid  the  blue  again  made  its  ajipearance  after  boiling  for  some 
time. 

1.  A  solution  of  chloride  of  sodium  coloured  with  litmus  was 
reddened  with  a  drop  of  sulphuric  acid,  and  boiled  for  a  con- 
siderable time,  but  without  effecting  any  change  in  its  colour. 

2.  10  grains  of  carbonate  of  soda  dissolved  in  water,  and 
coloured  with  litmus,  required  in  the  cold,  in  order  to  produce 
the  peculiar  brownish-red  tint  due  to  strong  acids,  84*8  measures 

*  In  No.  2,  20'3  grs.  of  nitre  were  employed. 

f  In  No.  3,  19-36  grs.  of  nitre  were  employed  ;  the  determinations  were  conducted, 
at  a  moderate  heat,  over  gas. 

t  No.  4  was  heated  very  gently  over  a  spirit-lamp. 

§  Nos.  5  and  6  were  mixtures  containing  95  per  cent,  of  nitre.  . 

II  No.  9  was  a  mixture  containing  90  per  cent,  of  nitre. 
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of  the  standard  acid,  corresponding  to  9*58  grains  of  carbonate  of 
soda.  On  boiling,  the  solution  became  perfectly  blue.  A  second 
experiment  gave  the  same  result. 

3.  Several  experiments  were  made  in  order  to  determine  the 
difference  between  the  amount  of  acid  required  to  produce  per- 
manent redness  in  the  cold,  and  subsequently,  on  boiling. 

Table  VIII.  gives  some  of  the  results  :  — 

Table  VIII. 

Measures  of  acid  employed. 


Exp. 

In  the  cold. 

Upon  boiling. 

1. 

65-80 

68-20 

2*. 

74-20 

87-00 

3. 

67-25 

70-30 

4. 

69-50 

72-50 

5. 

76-50 

79-30 

6. 

62-00 

64-80 

7. 

69-00 

72-00 

8. 

70-00 

73-50 

9. 

g8-10 

71-10 

10. 

75-20 

78-00 

11. 

75-00 

78-00 

12. 

71-00 

73-20 

13. 

74-50 

79-50 

14*. 

85-00 

91-00 

15*. 

83-50 

91-00 

16*. 

83-50 

87-20 

17*. 

86-50 

94-75 

It  will  be  seen  that,  in  many  of  tliese  determinations,  the  dif- 
ference was  scarcely  greater  than  could  be  accounted  for  by  the 
influence  of  the  carbonic  acid  ;  and  it  was  found  that,  in  these 
cases,  the  amount  of  nitre  indicated  never  exceeded  the  theoretical 
quantity  ;  whereas,  in  those  experiments  which  gave  any  consider- 
able excess,  a  much  greater  amount  of  acid  was  required  after  the 
liquid  was  boiled. 

An  observation  which  had  been  made  in  several  of  the  experi- 
ments seemed  to  throw  some  light  upon  this  matter.  It  had  been 
found  that  a  very  powerful  ammoniacal  odour  was  perceptible 
during  the  deflagration  (even  when  all  the  materials  had  been 
carefully  dried),  and,  on  decomposing  the  alkaline  solutions  with 

*  These  determinations  wore  made  with  starch-charcoal, 
I  3 


]  18  MESSRS.  F.  A.  ABEL    AND    C.  L.  BLOXAM    ON 

sulphuric  acid,  a  distinct  odour  of  hydrocyanic  acid  was  appa- 
rent, especially  in  cases  where  starch-  or  wood-charcoal  had 
been  used,  and  in  which  consequently  an  excessive  result  had 
been  obtained. 

The  existence  of  cyanide  of  potassium  in  the  fused  mass  was 
proved  by  qualitative  experiments,  and  it  appeared  exceedingly 
probable  that  a  certain  quantity  of  cyanate  of  potassa  was  also 
formed,  and  by  its  subsequent  decomposition  furnished  ammonia, 
whereby  a  larger  quantity  of  sulphuric  acid  was  neutralised  than 
was  actually  required  by  the  carbonate  of  potassa  formed. 

For  the  investigation  of  this  question,  a  number  of  experiments 
were  instituted  with  pure  cyanide  of  potassium  and  cyanate  of 
potassa. 

9*545  grs.  of  pure  cyanide  of  potassium,  exposed  for  some  time 
in  vacuo,  were  dissolved  in  water ;  the  solution  was  coloured  with 
litmus,  and  very  dilute  sulphuric  acid  of  known  strength  added, 
until  the  bright  red  colour  was  produced.*  The  amount  of  acid 
added  corresponded  to  9*31  grs.  of  cyanide  of  potassium.  The 
solution  was  unchanged  by  boiling,  and  contained  no  ammonia. 

9*64  grs.  of  cyanide  of  potassium  were  ignited  for  five  minutes 
in  a  partially  closed  platinum  crucible.  Effervescence  was  observed 
in  the  fused  mass.  On  dissolving  in  water,  and  adding  the  standard 
sulphuric  acid  to  the  solution  coloured  with  litmus,  the  latter 
assumed  the  violet  colour,  when  a  quantity  of  the  standard  acid 
had  been  added,  corresponding  to  4*23  grs.  of  SO3.  To  produce 
the  bright  red  tinge,  4*48  grs.  of  SO3  were  required.  On  boiling 
the  solution,  it  became  decidedly  blue,  and  required  (in  all)  to 
produce  permanent  red  colour,  6  84  grs.  of  SO3.  Abundance  of 
sulphate  of  ammonia  was  detected  in  the  boiled  solution. 

It  Avill  be  observed  that  in  this  experiment  a  certain  quantity  of 
acid  was  required  to  convert  the  violet  tinge  into  the  bright  red, 
which  would  indicate  the  formation  of  some  carbonate  of  potassa, 
which  was  also  indicated  by  the  effervescence  observed  during  the 
fasion  of  the  cyanide.  The  very  large  quantity  of  the  standard 
acid  which  was  required  to  restore  the  red  colour  to  the  solution 
which  had  been  rendered  blue  by  boiling,  denoted  the  presence  of 

*  This  experiment,  as  well  as  others  made  in  a  similar  manner,  showed  that  the 
hydrocyanic  acid  hberated  produced  no  effect  on  the  colour  of  litmus,  the  blue  passing 
at  once  into  bright  red,  without  the  inteniiediate  violet  stages  seen  in  the  case  of  car- 
bonic acid.  It  was  found,  by  direct  experiment,  that  a  solution  of  hydrocyanic  acid 
added  to  blue  litmus  produced  a  similar  effect  to  that  of  free  carbonic  acid,  but  that  it 
had  no  eflcct  upon  the  litmus  when  cyanide  of  potassiujn  was  present. 
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a  considerable  quantity  of  cyanate  of  potassa,  which  was  confirmed 
by  the  subsequent  detection  of  ammonia  in  the  liquid. 

10  grs.  of  pure  carbonate  of  soda  were  mixed  with  1*77  grs.  of 
cyanide  of  potassium,  and  fused  for  five  minutes  in  a  partially 
closed  crucible.  To  produce  the  violet  tinge,  5*72  grs.  of  SO3 
were  necessary;  to  convert  this  into  the  red,  required  8*37  grs.  of 
SO3.  The  solution  became  perfectly  blue  when  boiled,  and 
required  (in  all)  8*95  grs.  of  SO3  to  produce  a  permanent  red 
colour. 

The  bearing  of  this  experiment  upon  the  determination  of  nitre 
will  be  rendered  evident  if  it  be  remembered  that  the  quantity  of 
thart  salt  equivalent  to  the  carbonate  of  soda  and  cyanide  of  potas- 
sium employed  is  22*14  grs.  The  amount  of  nitre,  calculated 
from  the  alkalinity  determined  in  the  cold,  would  have  been  only 
21*15  grs.,  or  95*5  per  cent. ;  while,  calculated  from  the  result 
obtained  on  boiling,  it  would  have  been  22*62  grs.,  or  102*1  per  cent. 

9 "8 6  grs.  of  cyanide  of  potassium  were  mixed  with  5  grs.  of 
lamp-black,  covered  with  a  layer  of  that  substance,  and  heated  to 
redness  for  five  minutes.  The  product  required,  in  the  cold,  4*87 
of  SO3,  to  produce  the  violet  tinge,  5 '03  for  the  bright  red,  and 
6*44  on  boiling. 

9*29  grs.  of  cyanide  of  potassium  were  heated,  as  before,  with 
5  grs.  of  lamp-black,  but  without  any  superficial  layer.  The  pro- 
duct required,  in  the  cold,  4*64  grs.  of  SO3  for  the  production  of 
the  violet  tinge,  4*8  for  the  bright  red,  and  6*34  on  boiling. 

In  these  experiments,  the  amount  of  cyanate  produced  is  consi- 
derably diminished  by  the  presence  of  the  charcoal,  and  hardly 
any  carbonate  appears  to  be  formed,  the  carbon  being  oxidised  by 
the  air  in  preference  to  the  cyanate  of  potassa. 

10*052  grs.  of  cyanide  of  potassium  were  mixed  with  5  grs.  of 
starch-charcoal,  and  heated  as  before.  The  mass  fused  completely 
in  this  instance.  Its  solution  required,  in  the  cold,  to  produce  the 
violet  tinge,  5*20  gi's.  SO3 ;  for  the  bright  red,  5*62 ;  and,  on  boil- 
ing, 7*01  to  produce  the  permanent  tinge. 

9*403  grs.  of  cyanide  of  potassium  were  mixed  with  20  grs.  of 
starch-chai'coal,  and  heated  as  usual.  The  mass  only  fused  slightly 
at  the  bottom  of  the  crucible.  Its  coloured  solution  Avas  rendered 
violet,  in  the  cold,  by  4*7  grs.  of  SO3;  red,  by  5*13  grs.;  and 
required,  on  boiling,  in  all,  5*75  grs.  SO3. 

These  experiments  render  it  sufficiently  obvious  that  the  pre- 
sence of  a  considerable  quantity  of  charcoal  does  not  prevent  the 
oxidation  of  the  cyanide  of  potassium. 

I  4 
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10*533  grs.  of  cyanide  of  potassium  were  mixed  with  100  grs. 
of  chloride  of  sodium  and  20  grs.  of  starch-charcoal,  and  heated 
to  redness  for  about  five  minutes.  The  mass  had  not  fused,  but 
merely  agglutinated.  Its  aqueous  solution,  when  coloured,  re- 
quired for  the  production  of  the  violet  tinge,  5 "23  grs.  of  SOg-,  for 
the  bright  red,  in  the  cold,  5*75;  and,  upon  boiling,  for  the  per- 
manent red  colour,  7 "08  grs.  SO^. 

10-803  grs.  of  cyanide  of  potassium  were  mixed  with  5  grs.  of 
lamp-black  and  120  grs.  of  chloride  of  sodium,  and  heated  to  red- 
ness for  five  minutes.  The  mass  had  fused.  Its  coloured  solution 
became  violet  on  addition  of  5*55  grs.  of  SO3;  red,  in  the  cold, 
with  5*83;  and  required,  in  all,  for  the  production  of  the  perma- 
nent red,  upon  boiling,  7*4  grs.  SO3. 

In  these  cases,  the  conditions  of  the  experiments  were  as  nearly  as 
possible  the  same  as  those  under  which  the  determinations  of  nitre 
were  made.  It  will  be  seen  that,  under  these  circumstances,  the 
production  of  cyanate  was  also  very  considerable. 

It  was  expected  that  the  oxidation  of  the  cyanide  of  potassium, 
in  cases  where  starch-charcoal  was  employed,  would  have  been 
much  greater,  since,  in  the  nitre  determinations  with  starch-char- 
coal, a  much  larger  excess  was  always  obtained.  In  the  case  of 
the  actual  deflagration,  however,  tlie  temperature  was  much  higher 
where  starch  cliarcoal  was  used,  on  account  of  the  very  much 
smaller  volume  of  that  substance.  Probably,  under  these  circum- 
stances, the  conditions  for  the  formation  of  cyanate  would  be  more 
favourable. 

Cyanate  of  potassa  itself  was  next  subjected  to  experiment. 

20  grs.  of  cyanate  of  potassa  were  dissolved  in  cold  water,  the 
solution  coloured  with  litmus,  and  treated  with  dilute  sulphuric 
acid  of  known  strength.  The  addition  of  the  first  few  drops  pro- 
duced the  peculiar  wine-red  colour.  3*28  grs.  of  SO3  were  added 
before  the  red  shade  was  produced  in  the  cold.  On  boiling  the 
solution,  it  became  quite  blue ;  and  this  phenomenon  was  repeated 
after  several  successive  additions  of  sulphuric  acid,  until  14*24  of 
SO3,  in  all,  had  been  added. 

In  a  second  experiment  with  the  same  quantity  of  cyanate  of 
potassa,  3*28  grs.  of  SO3  were  required  in  the  cold;  14  grs.,  in 
all,  were  finally  required  upon  boiling  the  solution. 

In  both  of  these  experiments  the  odour  of  cyanic  acid  was  dis- 
tinctly perceived  upon  the  addition  of  sulphuric  acid,  showing  that 
a  considerable  quantity  of  this  acid  escapes  decomposition,  although 
the  excess  of  the  sulphuric  acid  employed  above  that  required  to 
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neutralise  the  potassa  shows  that  tlie  presence  of  cyanate  in  the 
fused  mass  after  deflagration  would  cause  a  considerable  apparent 
excess  of  nitre  to  be  obtained. 

Although,  in  several  instances  where  a  considerable  excess  had 
been  obtained,  notable  quantities  of  ammonia  were  detected  in  the 
neutralised  solutions,  concentrated  hy  evaporation,  it  was  deemed 
essential  to  obtain  more  direct  evidence  of  the  existence  of  cyanate 
of  potassa  in  the  products  obtained  hy  the  deflagration  of  such  a 
mixture  as  had  on  a  former  occasion  furnished  the  greatest  excess. 

20  grs.  of  nitre,  20  of  starch-charcoal,  and  80  of  salt  were  de- 
flagrated in  tjie  usual  manner.  The  agglutinated  mass  was  finely 
pulverised,  and  digested  twice  for  some  minutes  with  strong  alcohol. 
The  insoluble  portion  was  separated  by  filtration,  washed  with 
alcohol,  and  afterwards  completely  extracted  with  water.  The  alco- 
holic solution  was  evaporated,  the  residue  dissolved  in  water,  and 
the  solution  treated  with  sulphuric  acid.*  It  became  red,  in  the 
cold,  upon  the  addition  of  1  measure  of  acid ;  the  blue  colour, 
however,  returned  upon  boiling,  and  4*5  measures  in  addition  were 
required.  The  aqueous  solution  was  also  treated  as  usual  with  the 
standard  acid;  it  required  82  o  measures  of  acid  in  the  cold,  but 
became  blue  on  boiling,  and  required  4*5  measures  in  addition. 
The  quantity  of  nitre,  inferred  from  the  total  amount  of  acid  em- 
jiloyed,  was  20*73  grs.,  or  103-65  per  cent. 

Another  experiment  was  made  in  the  same  manner  ;  but  in  this 
case  there  was  hardly  any  additional  quantity  of  sulphuric  acid 
required  after  boiling,  indicating  that,  from  some  accidental  circum- 
stance, hardly  any  cyanate  had  been  produced.  In  this  instance, 
moreover,  the  quantity  of  nitre  obtained  corresponded  as  closely  as 
could  be  expected  with  the  theoretical  quantity. 

In  a  third  experiment,  the  result  closely  resembled  that  obtained 
in  the  first. 

In  a  fourth  experiment,  21 '38  grs.  of  nitre  were  obtained,  or 
106  9  per  cent. 

The  cause  of  the  excess  having  been  satisfactorily  ascertained  to 
be  the  formation  of  cyanate  of  potassa,  and  the  neutralisation  of 
a  portion  of  the  sulphuric  acid  by  the  ammonia  formed  from  the 
cyanate,  some  experiments  were  made  with  a  view  to  obviate  this 
cause  of  error,  by  an  alteration  in  the  conditions  under  which  the 
deflagration  was  effected. 

In  some  cases,  the  mixture  was  projected  by  degrees  into  a  red- 

*  The  acid  used  in  these  experiments  contained  8'93  grs.  of  SO3  iu  100  measures. 
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hot  crucible.  In  most  of  these,  a  considerable  deficiency  was  ob- 
tained, owing  to  the  carbon  having  been  partly  consumed  without 
acting  on  the  nitre.  In  only  one  instance,  in  which  5  grs.  of  wood- 
charcoal  were  employed,  the  result  showed  a  considerable  excess. 
No  accurate  results  were  obtained  by  the  use  of  a  protecting  film 
of  carbon  during  the  deflagration,  which  confirmed  the  conclusions 
drawn  from  the  direct  experiments  with  cyanide  of  potassium. 

The  great  object  to  be  attained  appeared  to  be  the  introduction 
of  so  powerful  a  reducing  agency  into  the  deflagrating  mass,  as 
should  at  the  same  time  ensure  the  complete  deoxidation  of  the 
nitre,  and  prevent  the  conversion  of  any  cyanide  of  potassium  into 
cyanate  of  potassa.  A  compound  containing  hydrogen  and  carbon 
appeared  likely  to  fulfil  these  conditions,  and  recourse  was  at  once 
had  to  resin,  as  being  the  substance  best  adapted  for  the  purpose. 

In  carrying  out  this  idea,  considerable  difliculties  were  experi- 
enced in  adjusting  the  proportion  of  resin,  and  the  degree  of  heat 
to  be  employed. 

When  10  grs.  of  resin  were  employed  for  20  of  nitre  (with  120 
of  salt),  and  the  mass  heated  over  an  argand  burner,  a  considerable 
quantity  of  cyanate  of  potassa  was  found  in  the  solution,  and  yet 
only  14-94  grs.  of  nitre  were  indicated  by  the  standard  (hydro- 
chloric) acid.  The  remainder  of  the  nitre  which  had  escaped 
deoxidation  was  determined  by  evaporating  the  solution,  and  ig- 
niting the  residue  with  lamp-black.  The  deficiency  was  thus 
supplied.  It  would  appear  that,  in  this  case,  so  much  of  the 
carbon  and  hydrogen  were  volatilised  in  an  unoxidised  state,  that 
a  sufficient  quantity  was  not  left  to  efiect  the  deoxidation  of  the 
nitre. 

When  20  of  resin  were  employed,  no  cyanate  was  found  in 
solution,  but  the  quantity  of  nitre  indicated  was  only  19*27  or 
96 '35  per  cent. 

It  was  supposed  probable  that  a  reduction  of  the  proportion  of 
chloride  of  sodium  would  have  the  same  effect  as  increasing  the 
quantity  of  resin,  by  concentrating  its  action  upon  the  nitre.  With 
this  view,  80  grs.  of  chloride  of  sodium  and  20  of  resin  were  em- 
ployed in  the  next  experiment,  but  only  18-3  grs.  of  nitre,  or  91*5 
per  cent.,  were  obtained. 

Since  it  appeared  that,  in  this  experiment,  the  moderate  heat 
applied  volatilised  a  great  part  of  the  resin  before  the  tempera- 
ture was  sufficiently  high  to  allow  of  deflagration,  another  experi- 
ment was  made  with  30  grs.  of  resin  and  80  of  chloride  of  sodium, 
and  the  crucible  was  at  once  heated  to  bright  redness  over  the 
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Herapath  blowpipe.  But,  in  this  case,  only  16-15  grs.  of  nitre 
were  obtained,  or  80*75  per  cent. 

50  grs.  of  resin  and  80  of  salt  were  then  employed,  and  the 
mixture  heated  over  a  gauze  burner.  A  small  quantity  of  cyanate 
was  found  in  the  solution,  and  the  acid  used  indicated  20*24  grs.  of 
nitre,  or  101*2  per  cent. 

When  30  of  resin  and  100  of  chloride  of  sodium  were  heated 
over  a  gauze  burner,  a  considerable  quantity  of  cyanate  was  found 
in  the  solution,  and  the  alkalinity  obtained  corresponded  to  21*53 
grs.  of  nitre,  or  107*65  per  cent. 

Another  experiment,  in  which  the  proportion  of  salt  was  in- 
creased by  20  grs.,  gave  exactly  the  same  result. 

The  salt  was  now  diminished  to  80  grs.,  with  the  same  propor- 
tion of  resin,  and  the  mass  was  heated  to  redness  for  one  minute 
after  all  vapours  had  been  evolved.  A  considerable  quantity  of 
cyanate  was  here  found,  and  the  result  gave  20*78  of  nitre,  or 
103-9  per  cent. 

A  second  experiment  gave  the  same  result. 

Since  so  much  cyanate  of  potassa  was  produced  in  these  cases, 
it  was  deemed  advisable  not  to  prolong  the  application  of  heat 
after  the  deflagration  had  finished,  and  the  experiments  included 
in  Table  IX.  exhibit  the  results  which  were  obtained  when  the 
mixture  was  heated  only  as  long  as  any  vapour  was  disengaged. 


Table  IX 

.. 

(Nitre  employed, 

20  grs.) 

Exp. 

Resin. 

Salt. 

Nitre  foand. 

Nitre  per  cent, 

1. 

20 

120 

19*74 

98-70 

2. 

20 

120 

20-02 

100-10 

3. 

25 

120 

20*02 

100*10 

4. 

20 

100 

19-81 

99*05 

5. 

30 

80 

19*99 

99-95 

6. 

30 

80 

20-01 

100*05 

7. 

30 

80 

19*98 

99-90 

8. 

30 

90 

19*90 

99-50 

9*. 

30 

80 

19*17 

95*85 

10*. 

30 

80 

19*17 

95-85 

11*. 

30 

80 

19*17 

95*85 

12. 

30 

80 

19-84 

99-20 

13. 

30 

80 

20*07 

100*35 

*  In  Nos.  9,  10,  and  11,  a  mixture  containing  95  of  nitre,  3  of  chloride  of  sodium, 
and  2  of  sulphate  of  potassa,  was  employed. 
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An  inspection  of  tliis  Table  will  show  that,  although  the  results 
were  generally  pretty  accurate,  when  20  grs.  of  pure  nitre  were 
employed,  there  was  still  a  tendency  (especially  where  less  than 
20  grs.  of  nitre  were  taken,  as  in  the  impure  samples)  to  the 
formation  of  cyanate,  which  was  indicated  by  the  action  of  the  acid. 

This  observation  suggested  the  expediency  of  trying  a  method 
whereby  any  chance  of  error  resulting  in  the  formation  of  cyanate 
might  be  obviated,  by  the  addition,  after  deflagration,  of  a  powerful 
oxidising  agent,  such  as  chlorate  of  potassa,  whereby  the  conver- 
sion of  the  cyanate  into  carbonate  might  be  effected.  It  appeared 
probable,  at  the  same  time,  that  the  additional  elevation  of  tem- 
perature, caused  by  the  powerful  action  of  the  chlorate  of  potassa 
upon  the  unconsumed  carbon,  would  exclude  the  possibility  of 
nitre  escaping  conversion  into  carbonate. 

In  the  first  experiments  in  which  chlorate  of  potassa  was 
employed,  the  deflagration  was  conducted,  according  to  the 
old  method,  with  lamp-black,  the  chlorate  being  subsequently 
sprinkled  over  the  mass,  which  was  afterwards  heated  for  two 
or  three  minutes  to  redness.  The  results  of  these  experiments  are 
exhibited  in  Table  X. 

Table  X. 

(Proportions  employed  :  20  of  nitre,  5  of  lamp-black,  80  of  salt.) 


Exp. 

Nitre  found. 

Nitre  per  cent. 

1. 

19-82 

99-08 

2. 

20-14 

100-70 

3. 

20-02 

100-10 

4. 

2007 

100-35 

5. 

19-96 

99-80 

6*. 

18-94 

94-70 

7*. 

1894 

94-70 

8*. 

19-05 

95-25 

9*. 

18-94 

94-70 

The  results  obtained  by  this  modification  were  very  encouraging, 
and  those  furnished  by  the  sample  containing  sulphate  of  potassa 
also  showed  that  any  chance  of  error  arising  from  the  formation 
of  sulphide  of  potassium  was  also  obviated  by  the  use  of  chlorate  of 
potassa. 

In  cases  where  much  sulphate  was  present,  it  was  found  that 

*  These  deteiininations  were  all  made  with  a  mixtui'e  containing  95  of  nitre,  3  of 
chloride  of  sodium,  and  2  of  sulphate  of  potassa. 
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the  deflagration  caused  by  sprlnking  the  chlorate  upon  the  mass 
was  so  violent  as  to  endanger  the  projection  of  a  portion  of  the 
fused  mass.  In  addition,  the  length  of  time  required  to  filter  off 
the  unconsumed  carbon  and  to  wash  out  all  the  alkali,  formed  a 
serious  objection  to  the  process,  when  applied  for  commercial  pur- 
poses. The  finely-divided  state  of  the  carbon  rendered  it  impos- 
sible to  effect  the  accurate  determination  of  the  alkalinity  without 
previous  filtration. 

The  experiments  made  with  resin  having  shown  that  much  less 
carbon  was  left  unconsumed  than  in  the  case  of  lamp-black,  and 
that  the  small  residual  portion  was  in  an  exceedingly  porous  con- 
dition, and  therefore  readily  oxidised,  an  endeavour  was  made  to 
take  advantage  of  this  circumstance  in  order  to  avoid  the  necessity 
for  filtering. 

A  series  of  trials  eventually  led  to  the  adoption  of  the  following 
process,  as  yielding  the  most  trustworthy  results. 

20  grs.  of  the  sample  to  be  examined  are  intimately  mixed,  in 
the  platinum  crucible,  with  30  grs.  of  finely-powered  resin,  and 
80  grs.  of  pure  dry  salt.  The  crucible  is  then  loosely  covered, 
and  a  moderate  heat  applied  with  a  gauze  burner ;  the  heat  is 
maintained  for  two  or  three  minutes  after  all  evolution  of  vapour 
has  ceased.  The  crucible  is  then  allowed  to  cool  to  such  an 
extent  that  the  chlorate  of  potassa  shall  not  fuse  when  sprinkled 
upon  the  mass.  About  25  grs.  of  the  chlorate  aire  added 
so  as  to  form  a  layer  upon  the  surface.  A  very  gentle  heat  is  first 
applied,  until  most  of  the  chlorate  has  been  decomposed,  when  the 
temperature  is  raised  to  bright  redness,  and  maintained  in  that 
state  for  two  or  three  minutes.  The  mass  should  then  appear 
completely  liquid,  and  free  from  any  floating  particles  of 
carbon.* 

When  cool,  the  mass  is  carefully  shaken  out  of  the  crucible  into 
a  funnel,  and  the  crucible  and  cover  washed  with  boiling  water. 
The  mass  is  dissolved  by  a  stream  of  hot  water  from  a  washing 
bottle,  and  the  solution  allowed  to  run  into  the  flask  in  which  the 
determination  is  to  be  made.  The  liquid  is  coloured  with  litmus, 
and  neutralised  as  usual  with  standard  acid. 

Table  XI.  includes  the  results  of  experiments  made  in  this  man- 
ner with  pure  nitre. 

*  It  was  found  that  those  determinations  in  which  any  carbon  was  left  always  gave 
a  marked  excess. 
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Table  XL 

Exp. 

Nitre  found. 

Nitre  per  cent. 

1. 

2000 

100-00 

2. 

20-00 

100-00 

3. 

19-97 

99-85 

4. 

1997 

99-85 

5. 

20-08 

100-40 

6. 

20-08 

100-40 

7. 

20-08 

100-40 

Although,  in  the  three  last  experiments,  the  error  is  hardly 
greater  than  would  be  permitted  in  such  a  process,  it  is  obvious 
that  accurate  results  would  be  obtained  with  greater  certainty  if 
the  acid  were  graduated  by  determining  the  mean  quantity  required 
by  20  grs.  of  pure  nitre,  when  dejSagrated  with  the  above  pre- 
cautions. 

Some  of  the  determinations,  included  in  Table  XII.  of  the 
amount  of  pure  nitre  contained  in  certain  artificial  mixtures, 
were  calculated  from  the  amount  of  standard  acid  employed  in 
Nos.,  5,  e,  and  7  of  Table  XI. 


Table  XII. 

Exp. 

Nitre  found. 

Nitre  per  cent. 

1*. 

19  01 

95-05 

2t. 

17-81 

95-45 

3t. 

17-90 

89-50 

4. 

17-86 

89-30 

5. 

18-01 

90-05 

6. 

17-97 

89-85 

7. 

17-97 

89-85 

8. 

18-01 

90-05 

9. 

17-99 

89-95 

Although  the  recent  experiments  made  with  this  method  have 
been  most  satisfactory,  it  could  have  been  desired  that  more 
numbers  might  have  been  added  to  the  above  list.  The  accuracy 
of  such   a  process   can  only   be   fully   confirmed    by    extensive 

*  Nos.  1  and  2  were  made  with  a  mixture  consisting  of  9.5  of  nitre,  3  of  salt,  and 
2  of  sulphate  of  potassa. 

f  In  No.  2,  only  1 8*655  grs.  of  the  impure  nitre  were  employed. 

X  Nos.  .3  to  9  were  made  with  a  mixture  consisting  of  90  of  nitre,  5  of  salt,  and 
5  of  sulphate  of  potassa. 
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practical  application ;  and  the  authors  hope,  on  a  future  occasion, 
to  submit  to  the  Society  the  results  of  such  a  trial. 

It  may  not  be  out  of  place  to  direct  attention  to  the  most 
interesting  of  the  general  conclusions  which  have  been  arrived  at, 
in  the  course  of  the  above  experiments. 

1.  That  a  considerable  quantity  of  nitre  may  escape  decomposi- 
tion at  a  h'igh  temperature,  even  when  intimately  mixed  with  an 
excess  of  finely-divided  carbon,  and  although  vivid  deflagration 
of  another  portion  of  the  nitre  had  taken  place  in  its  immediate 
neighbourhood. 

2.  That,  in  the  deflagration  of  a  mixture  of  nitre,  salt  and 
charcoal,  binoxide  of  nitrogen  is  evolved  in  large  quantity;  an 
observation  which  has  also  been  incidentally  made  in  the  case  of 
far  more  energetic  deflagrations.  ■ 

3.  That  a  considerable  quantity  of  cyanide  of  potassium  is 
formed  in  these  deflagrations,  and  that,  even  where  much  care  had 
been  taken  to  remove  moisture  from  the  materials  employed  in  the 
experiments,  a  notable  quantity  of  ammonia  was  evolved.  An 
attempt,  suggested  by  this  circumstance,  was  made  to  determine 
nitre  by  ignition  with  charcoal  and  soda-lime,  when  the  greater 
part  of  its  nitrogen  was  obtained  in  the  form  of  ammonia. 

4.  That  the  oxidation  of  cyanide  of  potassium  by  exposure  to 
air  at  a  high  temperature  is  not  prevented  by  the  presence  of 
carbon  in  a  finely-divided  state,  or  even  by  covering  it  with  a 
layer   of  carbon. 

The  relations  of  nitre  to  different  forms  of  carbon  at  a  high 
temperature  appear  to  present  so  many  points  of  interest,  whether 
viewed  in  relation  to  theory  or  to  practice,  that  the  authors 
have  resolved  to  devote  their  earliest  leisure  to  the  investigation 
of  the  subject. 
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VI. — Note  on  a  Neio  Method  of  Mahwg  Ferricyanide  of  Potassium 
and  a  Paracijanogen  Compound. 

Bj  Lyon  Playfair,  C.B.,  F.R.S. 

This  note  refers  to  two  processes  which  only  deserve  description 
because  they  are  of  an  unusual  kind,  and  may  possibly  be  em- 
ployed for  other  purposes. 

1. — Ferricyanide  of  Potassium. — When  yellow  prusside  of  po- 
tassium is  precipitated  by  salts  of  lime  or  baryta,  well-known 
sparingly  soluble  precipitates  are  obtained,  containing  2  equivalents 
of  barium  or  of  calcium,  instead  of  2  equivalents  of  potassium. 
If  R  represent  either  of  these  metals,  the  formula  of  the  precipitate 
is  FcgCyg,  KgRg'  When  these  precipitates  are  treated  with  car- 
bonate of  ammonia,  the  earthy  carbonates  fall,  and  a  solution  is 
obtained  of  a  salt  Fe^Cyg,  2K,  2NH4. 

When  this  latter  yellow  salt  containing  ammonia  is  boiled  with 
peroxide  of  manganese  finely  divided,  ferricyanide  of  potassium  is 
abundantly  formed ;  and  after  the  ebullition  has  been  continued 
for  some  time,  a  portion  of  the  solution  filtered  will  be  found  to 
give  no  further  precipitate  with  perchloride  of  iron,  being  wholly 
converted  into  a  ferricyanide.  During  the  boiling  with  the  peroxide 
of  manganese,  ammonia  is  freely  given  off.  The  salt  formed  by 
this  process  in  solution  has  all  tlie  properties  of  a  ferricyanide,  and 
would  obviously  be  Fe^Cy^,  K^NH^,  in  which  1  equivalent  of  am- 
monium replaces  1  equiv.  of  potassium  in  the  red  prusside.  But 
this  salt,  by  prolonged  boiling  with  peroxide  of  manganese,  is 
further  decomposed,  a  green- coloured  precipitate  occurring,  while 
the  salt  in  solution  still  retains  the  ordinary  characters  of  a  ferri- 
cyanide, but  contains  less  ammonium,  more  potassium,  and  gene- 
rally an  excess  of  Iron.  A  salt  of  silver  made  from  the  red  solution, 
and  possessing  the  ordinary  characters  of  the  ferrioyanide  of  silver, 
gave  on  analysis  10"89  per  cent,  of  iron,  and  60'28  per  cent,  of 
silver  :  calculation  gives  10*44  per  cent,  of  iron,  and  60*45  per  cent, 
of  silver.  This  analysis  leaves  no  doubt  as  to  the  character  of  the 
variable  red  salt  in  solution,  though  it  contains,  like  the  latter,  an 
excess  of  iron. 

The  formation  of  the  ferricyanide  is  clearly  owing  to  an  oxida- 
tion of  the  ammonium. 

Fe2Cy62K,  2NH4  +  2Mn02  = 
Fe2Cy62K,NH,  +  NH3  +  HO  +  Mn^Og. 


-    AND  A  PARACYANOGEN  COMPOUND.  129 

It  is  well  known  that  when  ferricyanide  of  potassium  is  boiled 
with  ammonia,  a  ferrocyanide  is  produced,  1  equiv.  of  hydrogen 
replacing  1  equiv.  of  potassium  in  the  ordinary  yellow  salt.  The 
presence  of  an  excess  of  peroxide  of  manganese  in  the  reaction  now 
described  appears  to  prevent  this  decomposition,  as  ammonia  is 
given  off  during  the  whole  oxidation. 

I  do  not  describe  this  formation  of  ferricyanide  as  an  economical 
process  for  procuring  the  salt,  but  as  an  instance  of  an  unusual 
process  of  oxidation  which  may  be  applied  to  other  purposes.* 

II. — Paracyanogen  Compound. — In  making  the  nitroprussides,  I 
had  found  that,  when  cyanogen  was  in  the  nascent  state,  it  combined 
with  2  equivalents  of  water,  and  produced  oxamide  : 

Cy  +  2H0  =  2C0,  NH^. 
Either  this  substance  or  paracyanogen  might,  therefore,  be  expected 
from  hydrocyanic  acid  if  the  hydrogen  were  subjected  to  oxidation. 
For  this  purpose,  1  equiv.  of  ferricyanide  of  potassium  was  mixed 
with  an  equivalent  of  potash ;  and  to  this  mixture  was  added  an 
equivalent  of  hydrocyanic  acid,  the  purpose  being  to  liberate  the 
cyanogen  under  favourable  circumstances.  The  reaction  expected 
was  as  follows  : — 

Fe.Cye,  3K  +  KO  +  HCy  =  Fe2Cyg4K  +  HO  +  Cy. 

On  adding  the  hydrocyanic  acid  to  the  mixture  of  red  prusside 
and  potash,  the  solution  becomes  yellow  in  colour,  but  soon  passes 
to  a  dark  red,  or  even  black  colour,  —  a  bulky  pi'ecipitate  of  a 
similar  colour  falling  down.  During  this  action,  a  small  quantity 
of  gas  is  observed  to  escape.  The  formation  of  the  precipitate  is 
much  favoured  by  the  solutions  being  warm :  when  they  are  dilute, 
it  is  even  necessary  to  raise  them  nearly  to  the  boiling  point. 

The  bulky  reddish-black  precipitate  is  collected  on  a  filter,  and 
washed  with  cold  water,  in  which  it  is  scarcely  soluble.  It  dis- 
solves readily  in  water  containing  caustic  soda  or  potash,  and  may 

*  Ferricyanide  of  potassium  may  also  be  procured  under  the  following  circumstance, 
which  deserves  inquiry,  as  the  reaction  must  be  somewhat  complicated.  Common 
pnisside  of  copper  has  the  formula  FcoCygSCuK.  When  this  salt  is  treated  with 
caustic  ammonia  in  the  cold,  a  very  pale  red-coloured  solution  is  obtained,  which, 
boiled  with  peroxide  of  manganese,  gives  ordinary  ferricyanide  of  potassium.  Analysis 
gave  the  following  results  : — 

I.     12*26    grains  gave  3  00  peroxide  of  iron,  and    9"605  sulphate  of  potash. 

n.     14*225  grains  gave  3*49  peroxide  of  iron,  and  11*19    sulphate  of  potash. 

I.  II.  Calculated. 

Iron    .        .         .     17*12  17*17  1702 

Potassium  .         .     35*11  35*26  35*56 

VOL.  IX. — NO.  XXXIV.  K 
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be  purified  in  this  way  from  a  small  quantity  of  oxide  of  iron 
which  may  fall  down  with  it:  it  is  again  precipitated  from  the 
alkaline  solution  by  the  addition  of  an  acid. 

The  precipitate  contracts  much  in  bulk  during  drying.  It  loses 
about  10^  per  cent,  of  water  at  212°.  Specimens  obtained  at  dif- 
ferent times  did  not  cive  constant  results. 


Carbon     . 

First  Preparation. 

I.                 n. 
40-050     40-240 

Second  Preparation. 

I.                 n. 
42-053     42-415 

Third 
Preparation, 

38-918 

Nitrogen  . 

41-618        — 

42-772 

— 

— 

Hydrogen 

3-400       3-393 

3-324 

3-318 

3-252 

Oxygen    . 

14.932        _ 

11-851 

— 

— 

100-000  100-000 

From  these  analyses  it  is  obvious  that  the  compound  is  not  simply 
paracyanogen.  Not  only  is  the  carbon  in  too  large  proportion  to 
the  nitrogen,  but  the  hydrogen  is  more  than  sufficient  to  convert 
the  oxygen  into  water.  In  the  preparation  of  the  substance,  a  little 
gas  is  always  observed  to  escape, — due,  probably,  to  the  oxidation 
of  a  portion  of  the  paracyanogen.  The  substance  as  prepared  is 
therefore  impure,  and  requires  proper  inquiry.* 

Not  being  able,  without  interfering  with  another  investigation, 
to  pursue  the  subject  further,  in  the  very  limited  time  which  I 
have  at  my  disposal  for  scientific  pursuits,  Baron  Lie  big  has 
kindly  placed  it  in  the  hands  of  one  of  his  pupils  for  investigation. 

*  I  find  that  the  same  snbstance  can  be  procured  by  passing  chlorine  through 
cyanide  of  potassium.  Purified  by  solution  in  soda,  precipitation  by  hydrochloric 
acid,  and  washing,  two  preparations  dried  at  212°  gave  the  following  results  on 
analysis  : — 

First  Pi-eparation.  Second  Preparation. 

Carbon     .  .  36-22  35200  35-200 

Nitrogen.  .        —  42-300  — 

Hydrogen  .       3-150  3-000  3*030 

Oxygen    .  .        —  19-500  — 


100-000 
In  this  case,  the  carbon  and  nitrogen  arc  nearly  in  tlie  proportion  to  form  cyanogen, 
but  the  hydrogen  is  in  excess  to  the  oxygen  on  the  supposition  that  it  was  present 
as  water.  It  should  be  mentioned  that,  on  treating  this  black  compound  with  nitric 
acid,  a  yellow  substance  is  obtained,  which,  as  I  have  only  made  one  analysis,  I  do 
not  venture  to  describe. 
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VII.  —  On  the  Sulphovinates ;  and  on  Amylophosphoric  Acid 
and  the  Amylopliosphates. 

By  Frederick    Guthrie,  B,A.,   Ph.D. 

ASSISTAXT    IN    THE    LABORATORY    OF    OWEX's    COLLEGE,    MANCHESTER. 

With  respect  to  the  rational  constitution  of  the  sulphovinates, 
chemists  are  at  present  so  far  agreed  as  to  admit  in  them  the 
presence  of  sulphuric  acid.  An  objection  was  formerly  raised  to 
this  view,  on  the  ground  that  the  sulphuric  acid  could  not  be  shown 
to  exist,  as  such,  by  means  of  the  usual  reagents  ;  and  it  was 
assumed  that  the  salts  in  question  contained  hyposulphuric  acid. 
This  position  has,  however,  been  overthrown,  partly  by  the  dis- 
covery of  isethionic  acid,  partly  by  the  observed  behaviour  of 
other  compounds  of  ethyl,  such  as  the  chloride  and  sulphide  of 
ethyl,  in  which  the  chlorine  and  sulphur  are  much  more  difficult 
to  recognise  by  means  of  nitrate  of  silver  than  is  the  case  with  the 
soluble  inorganic  compounds  of  these  bodies. 

A  question,  however,  which  still  has  to  be  answered,  is  — "  In 
what  manner  do  the  sulphovinates  contain  the  sulphuric  acid  ?  " 

Those  chemists  who  look  upon  sulphuric  acid  as  a  bibasic  acid, 
and  express  the  composition  of  its  hydrate  by  the  formula  2HO,S20g, 
view,  for  the  most  part,  the  salts  of  sulphovinic  acid  as  basic  sul- 
phates, one  of  whose  atoms  of  base  is  potash,  and  the  other  oxide 
of  ethyl.  They  accordingly  class  sulphovinate  of  potash  with  the 
so-called  double  salts  of  sulphuric  acid,  such  as  the  potassio- sulphate 
of  zinc. 

'K'O   f   *  ^2^6'  Sulphate  of  potash  and  zinc. 
[■  •  SgOg,  Sulphate  of  potash  and  ethyl. 


C,H,0 
KO 


Now,  in  the  first  place,  this  view  is  contradicted  by  the  fact  that 
the  oxide  of  ethyl  in  the  second  of  these  salts  cannot  be  driven 
out  by  a  more  powerful  base,  as  is  the  case  with  its  analogue,  the 
oxide  of  zinc,  in  the  inoi'ganic  sulphate.  Even  on  continued 
boiling  with  potash,  the  ether  is  not  given  off  as  alcohol.  The  dif- 
ficulty of  maintaining  this  view,  again,  is  materially  increased  when 

CHOI 

we  reflect  that  in  the  neutral  sulphate  of  ether,  p^xT^o  \  •  SgOg, 

the  one  atom  of  ether  may  be  eliminated  or  exchanged  for  water 
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or  a  base  much  more  easily  than  the  other,  and  that  the  so-called 
neutral  ethers,  such  as  acetic,  nitric,  or  oxalic  ether,  on  being 
boiled  with  caustic  potash,  are  transformed,  under  formation  of 
alcohol,  into  the  potash  salts  of  the  corresponding  acids. 

These  considerations  render  it  more  than  doubtful  whether  the 
metallic  oxide  and  the  oxide  of  ethyl  be  equally  basic  in  function. 
It  seemed  desirable  that  new  facts  should  be  gained  for  the  eluci- 
dation of  this  point.  I  imagined  that  such  facts  might  be  furnished 
by  the  behaviour  of  an  aqueous  solution  of  a  sulphovinate  towards 
the  galvanic  current.  For  if,  in  the  sulpliovinate  of  potash,  both 
the  potash  and  ether  be  united  as  base  with  the  sulphuric  acid,  we 
should  be  justified  in  expecting,  on  electrolysing  a  concentrated 
aqueous  solution  of  this  salt,  that,  at  the  +  pole,  sulphuric  acid 
and  oxygen  Avould  be  liberated,  and,  at  the  —  pole,  potassium, 
(potash  and  hydrogen),  together  with  ethyl,  (or  ether  or  some 
ethyl  compound,  possibly  hydride  of  ethyl  j. 

Into  a  cold,  concentrated,  aqueous  solution  of  sulphovinate  of 
potash,  free  from  sulphate  of  potash,  I  accordingly  introduced  two 
platinum  electrodes  in  such  manner  that  they  were  separated  by  a 
porous  clay  cell.  The  electric  current  from  four  ofBunsen's 
carbo-zinc  elements  was  sufficient  to  effect  a  lively  disengagement 
of  gas  at  both  poles,  accompanied  by  an  evolution  of  heat  which 
rendered  cooling  from  the  exterior  necessary.  In  a  short  time  the 
liquid  surrounding  the  +  pole  showed  a  strong  acid  reaction. 
The  gas  -which  was  here  liberated  smelt  distinctly  of  aldehyde, 
and  consisted  of  oxygen  and  carbonic  acid.  The  liquid  at  this 
pole  gave,  with  chloride  of  barium,  a  white  precipitate  which 
was  insoluble  in  hydrochloric  acid.  Sulphuric  acid  was  therefore 
present  in  the  free  state.  At  the  same  time,  the  liquid  at  the 
—  pole  assumed  an  alkaline  reaction,  and  the  gas  there  liberated 
proved  to  be  pure  hydrogen.  I  satisfied  myself,  by  careful  exami- 
nation, of  the  entire  absence  of  all  carboniferous  gases,  nor  could  I 
detect  at  this  pole  the  slightest  traces  of  ether  or  alcohol. 

It  was  imagined  that  the  sulphuric  acid  and  the  aldehyde,  wdiich 
appeared  at  the  +  pole,  might  be  secondary  products  of  decompo- 
sition, effected  by  the  oxygen,  in  statu  nascenti.  To  get  rid  of 
this  secondary  decomposition,  I  formed  the  +  pole  of  amalgamated 
zinc.  On  completing  the  circuit,  a  lively  disengagement  of  gas 
took  place  at  the  —  pole,  as  before,  while,  on  the  other  hand,  at 
the  +  pole,  no  gas  at  all  was  liberated,  and  neither  aldehyde  nor 
sulphuric  acid  were  formed.  The  zinc  electrode,  however,  soon 
became  covered  with  a  pellicle  of  sulphovinate  of  zinc,  which,  after 
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a  time,  broke  the  electric  current.  Again,  a  fresh  solution  being 
taken,  the  liquid  at  the  +  pole  was  made  strongly  alkaline  with 
carbonate  of  potash.  On  the  introduction  of  platinum  electrodes, 
carbonic  acid  was  plentifully  liberated  at  the  -f  pole,  but  as  no 
sulphate  of  potash  could  be  detected,  it  followed  that  this  was  due 
to  theliberation  not  of  sulphuric,  but  of  sulphovinic  acid. 

In  the  same  manner,  making  use  of  platinum  electrodes,  I 
electrolysed  an  aqueous  solution  of  amylo-sulphate  of  potash,  and 
recognised  precisely  analogous  phenomena.  At  the  +  pole,  oxygen 
was  liberated  and  a  distinct  smell  of  valerianic  acid  noticeable. 
The  solution  around  this  pole  became  acid,  and  contained  sulphuric 
acid.  At  the  —  pole,  the  liquid  became  distinctly  alkaline,  and 
the  gas  there  liberated  was,  as  before,  pure  hydrogen.  The 
slightest  traces  of  fusel  oil  or  amylic  ether  would  at  once  have 
been  recognised  by  their  powei'ful  odour,  had  they  been  separated. 
The  liquid  at  the  —  pole  remained  inodorous. 

From  these  experiments  I  believe  the  conclusion  may  legiti- 
mately be  drawn,  that,  in  amylosulphate  and  sulphovinate  of 
potash,  the  oxides  of  ethyl  and  amyl  have  not  the  same  function 
as  the  potash,  but  that  they  are  combined  with  the  sulphuric  acid 
in  a  different,  and,  as  it  appears,  a  more  intimate  manner.  The 
fact  that,  on  electrolysis,  these  organic  oxides  remain  with  the  sul- 
phuric acid,  and  accompany  it  to  the  +  pole,  shows  that  the 
potash  alone  is  the  electropositive  constituent  of  these  salts,  and 

KO    1 

that  the  formula  r»  xj  q  f  *  SgOg   expresses  a  hypothesis  on   the 

constitution  of  sulphovinate  of  potash  which  rests  upon  false 
assumption. 

It  seemed  to  me  of  importance  to  examine  in  a  similar  manner, 
the  ethylophosphates,  and  to  see  whether  in  these  the  organic 
oxide  is  liberated  at  the  +  pole,  as  in  the  sulphovinates,  or  whether 
it  goes  to  the  —  pole.  For  this  purpose,  the  amylophosphate  of 
potash  was  chosen,  because,  if  the  oxide  or  hydrated  oxide  of  amyl 
were  liberated,  together  with  the  metallic  oxide,  at  the  —  pole,  it 
would  be  at  once  recognised  by  the  mere  odour.  On  introducing 
the  platinum  electrodes  into  a  concentrated  aqueous  solution  of 
amylophosphate  of  potash,  separated  into  two  portions  by  a  clay 
cell,  hydrogen  was  liberated  at  the  —  pole,  and  oxygen,  together 
with  carbonic  acid,  at  the  +  pole.  The  solution  at  the  latter  pole 
assumed  an  acid  reaction,  and  smelt  distinctly  of  valerianic  or 
butyric  acids  (evidently  secondary  products  of  decomposition). 
The  liquid  at  the  —  pole  became  alkaline,  but  remained  odourless. 
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From  this  it  would  appear  that  in  the  amylophosphates,  and, 
generally,  in  tiie  ethylophosphates,  we  are  not  at  liberty  to  assume 
that  the  organic  oxides  are  combined  in  the  same  manner  as  the 
metallic  oxides ;  that  is,  as  base.  Accordingly,  we  must  not  under- 
stand the  ordinary  formulee  for  ethylo-  and  amylophosphate  of  potash, 

as  if  the  organic  oxides  played  the  same  part  in  them  as  does 
the  basic    water   in   the    ordinary   tribasic   phosphate  of  potash, 

TT/~v  \  •  PO^;  but  we  must  rather  assume  that  the  phosphoric 

acid,  together  with  the  oxide  of  amyl,  forms  a  bibasic  amylophos- 
phoric  acid. 

As  amylophosphoric  acid  and  its  salts  have  only  lately  become 
known,  I  subjoin  a  description  of  their  preparation  and  properties. 

AMYLOPHOSPHORIC   ACID. 

If  about  equal  weights  of  hydrated  phosphoric  acid  and  hydrated 
oxide  of  amyl  be  shaken  in  a  bolt-head  till  perfect  mixture  occurs, 
the  two  unite  with  considerable  elevation  of  temperature,  and  the 
mixture  assumes  a  pale  red  tinge.  The  mixture  is  allowed  to  re- 
main for  about  twenty -four  hours  in  a  place  of  about  60° — 80°  C. 
temperature.  The  liquid  assumes  a  line  wine-red  colour  during 
this  time,  and  the  formation  of  amylophosphoric  acid  takes  place. 
It  is  now  to  be  repeatedly  shaken  with  warm  water,  which  removes 
the  amylophosphoric  acid,  together  with  the  free  phosphoric  acid, 
from  the  uncombined  fusel-oil.  The  wash-waters  are  collected, 
slightly  supersaturated  with  carbonate  of  potash,  and  evaporated 
on  a  water-bath  almost  to  dryness.  The  mass  obtained  in  this 
manner  consists  of  amylophosphate  of  potash,  together  with  phos- 
phate and  traces  of  carbonate  of  potash.  To  get  rid  of  the  last 
two,  the  mass  is  digested  with  warm  spirits  of  wine  and  quickly 
filtered.  The  phosphate  and  carbonate  of  potash  remain  for  the 
most  part  on  the  filter,  while  the  amylophosphate  of  potash  is  in 
the  filtrate.  The  filtrate  is  now  evaporated  almost  to  dryness  upon 
a  water-bath.  This  process  has  to  be  frequently  repeated,  stronger 
spirits  being  employed  each  time,  and  at  last  absolute  alcohol,  the 
last  filtration  being  performed  with  the  exclusion  of  air.  The 
separation  is  only  complete  when  a  portion  of  the  almost  dry  mass, 
dissolved  in  water,  gives  a  snow-white  precipitate  with  nitrate  of 
silver. 

The  substance    obtained  as  above  is   a  yeUowish,  gelatinous. 
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transparent  body,  still  containing  combined  alcohol.  To  get  rid  of 
this  alcohol,  it  is  sufficient  to  dissolve  the  mass  repeatedly  in  water, 
and  to  evaporate  to  dryness  on  a  water-bath.  A  honey-coloured 
mass  is  thus  obtained,  consisting  of  minute  crystals  of  pure  amylo- 
phosphate  of  potash. 

This  salt  is  a  tenacious,  finely  crystallised,  translucent  body, 
without  odour,  but  having  the  well-known  peculiar  taste  of  the 
other  compounds  of  amyl.  On  exposure  to  the  air,  it  absorbs 
moisture,  and  deliquesces  to  a  syrupy  transparent  liquid  of  feeble 
smell.  If  it  be  dried,  as  far  as  possible,  on  a  water-bath,  and  then 
heated  in  a  tube  by  itself,  or  with  hydrate  of  potash,  it  yields  fusel- 
oil.  Heated  on  platinum  foil  in  the  flame  of  a  lamp,  it  burns  with 
a  pure  white  flame,  leaving  pyrophosphate  of  potash  as  residue. 
This  decomposition  is  accompanied  by  a  striking  inflation  of  the 
mass,  due  probably  to  the  escape  of  mechanically  and  chemically 
combined  water.  Amylophosphate  of  potash  is  soluble  in  every 
proportion  in  hot  and  cold  water ;  it  is  soluble  also  in  alcohol,  but 
insoluble  in  ether.  On  account  of  the  difficulty  of  freeing  it  com- 
pletely from  water,  I  have  not  subjected  it  to  analysis.  From  the 
composition,  however,  of  the  salts  formed  from  it,  its  composition 

doubtless  corresponds  with  the  formula  p   tt   o    i      ^^5' 

As   most  of  the  amylophosphates  are   insoluble,   or  difficultly 

soluble,  they   may   be  readily  prepared  from  the   potash-salt  by 

double   decomposition.       They   are,   in  general,   somewhat    more 

soluble  than  the  corresponding  salts  of  tribasic  phosphoric  acid, 

and  because  the  latter  is  unquestionably  the  more  powerful  acid ; 

it  may  be  completely  removed  by  fractional  precipitation,  if  its 

presence  in  the  amylophosphate  be  suspected.     Those  salts  which 

are  insoluble  in  water  are,  like  the  phosphates,  easily  soluble  in 

dilute  nitric  and  hydrochloric  acids.     The  amylophosphates   are, 

generally  speaking,  more  stable  than  the  sulphovinates  and  ethylo- 

phosphates,  inasmuch  as  they  bear  boiling  with  water  without 

decomposition. 

2PbO    1 
Amylophosphate  of  Lead,  n   rr   q  \  ^^5>  is  precipitated  from  a 

dilute  solution  of  amylophosphate  of  potash  on  the  addition -of 
acetate  of  lead.  The  precipitate,  carefully  washed  and  dried  at 
100°  C,  is  a  bulky  white  powder,  without  taste  or  smell ;  it  is 
easily  soluble  in  hydrochloric  and  acetic  acid.  It  contains  no 
water.     On  analysis  it  gave  the  following  result : — 

a.  0-6335  grm.  of  the  salt,  dried  at  100°  C,  was  treated  with 
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fuming  nitric  acid,  in  order  to  effect  decomposition ;  the  mass  waa 
then  dissolved  in  water,  and  the  lead  precipitated  by  hydrosulphuric 
acid.  The  phosphoric  acid  in  the  filtrate  was  precipitated  as  am- 
monio-phosphate  of  magnesia.  The  lead  determination  was  lost. 
The  weight  of  the  pyrophosphate  of  magnesia  was  0*2034  grm., 
corresponding  to  0'1290  grm.  phosphoric  acid. 

h.  067 72  grm.  dried  at  100°  C.  was  ignited  in  a  porcelain 
crucible,  treated  with  fuming  nitric  acid,  and  warmed,  then  boiled 
with  water,  and  the  lead  precipitated  by  sulphuric  acid.  Alcohol 
being  added,  the  whole  was  filtered,  the  filtrate  boiled,  and  the 
phosphoric  acid  estimated  as  pyrophosphate  of  magnesia.  The 
above  quantity  yielded  0*5507  grm.  sulphate  of  lead,  or  0*3764  grm. 
lead;  and  0*2163  grm.  pyrophosphate  of  magnesia,  or  0*1373  grm, 
phosphoric  acid. 

c.  0*4834  grm.  dried  at  100°  C.  was  burned  with  oxide  of 
copper,  pieces  of  previously  fused  chlorate  of  potash  being  intro- 
duced at  the  end  of  the  tube,  and  copper  turnings  being  placed  in 
the  anterior.  On  account  of  the  small  relative  quantity  of  organic 
matter  present,  it  is  advisable  to  employ  five  or  six  decigrammes. 
The  above  qviantity  gave  0*2474  grm.  carbonic  acid,  or  0*0749  grm. 
carbon;  and  0*1419  grm.  water,  or  0-0157  grm.  hydrogen. 

The  composition  per  cent.,  as  found  and  calculated,  is  accord- 
ingly- 
Calculated.  Fouiid. 

a.  b.  c. 

—  56*4  — 

—  —  15*5 

—  —  3-2 
20*4  20*2  — 


100*00 

Amylopliosphate  of  Silver,  ^   H    n  I    *  ^^5'  ^^  Precipitated  from 

a  solution  of  amylophosphate  of  potash,  on  the  addition  of  nitrate 
of  silver,  as  a  white  bulky  precijiitate.  The  pure  white  colour  of 
this  combination  is,  as  mentioned  before,  a  good  means  for  testing 
the  purity  of  the  potash-salt.  Exposed  to  the  light,  this  silver 
salt  becomes  grey ;  it  remains  white  in  the  dark.  It  is  appreciably 
soluble  in  warm  water,  but  does  not  separate  in  the  crystalline  form 
on  cooling.  On  long  continued  boiling  with  water  it  is  decom- 
posed, silver  being  deposited.     Heated  on  a  platinum  foil  it  be- 


2Pb 

= 

55*39 

C.o 

= 

16*02 

Hn 

:= 

2*93 

PO, 

= 

19*23 

O3 

= 

6*43 
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comes  yellow,  leaving  for  residue  pyrophosphate  of  silver.  The 
salt  employed  for  analysis  was  dried  at  100°  C. 

a.  0*6404  grm.  was  ignited  in  a  porcelain  crucible  with  pre- 
viously fused  nitrate  of  potash.  The  mass  thus  obtained  was 
drenched  and  digested  with  dilute  nitric  acid.  From  the  clear 
solution  thus  obtained  the  silver  was  precipitated  with  hydro- 
chloric acid,  and  the  phosphoric  acid  with  sulphate  of  magnesia 
and  ammonia.  In  this  manner  0-4782  grra.  chloride  of  silver 
(  =  0-3599  grm.  silver),  and  0-1842  grm.  pyrophosphate  of  magnesia 
(  =  0-1169  grm.  phosphoric  acid)  were  obtained. 

h.  0-5631  grm.  treated  as  above  yielded  0-4198  grm.  chloride 
of  silver  (  =  0-3159  grm.  silver),  and  0-1612  grm.  pyrophosphate  of 
magnesia  (  =  0-1023  grm.  phosphoric  acid). 

c.  0-4072  grm.,  burnt  with  oxide  of  copper  with  the  same  pre- 
cautions as  with  the  lead  salt,  gave  0-2300  grm.  carbonic  acid  and 
0-1197  water  (  =  0-0627  grm.  carbon  and  0-0133  hydrogen). 

d.  0-4204  grm.  gave  0-2340  grm.  carbonic  acid  and  0-1260  water 
(  =  0-0638  grm.  carbon  and  0-0140  grm.  hydrogen). 

Hence  the  following  composition  per  cent. : — 

Calculated.  Found. 


a. 

b. 

c. 

d. 

2Ag     =   56-39 

56-19 

56-10 

— 

— 

C,o      =    15-66 

— 

— 

15-39 

15-18 

H„     =     2-87 

— 

— 

3-26 

3-33 

PO5    =    18-78 

18-26 

18-16 

— 

— 

O3       =     6-20 

— 

— 

— 

— 

100-00 

2CuO    1 
Amylophosphate  of  Copper,  n   xr   q  f  •  POs*  is  precipitated'  from 

a  dilute  solution  of  amylophosphate  of  potash  on  the  addition  of  a 
dilute  solution  of  sulphate  of  copper.  The  precipitate  is  at  first 
almost  perfectly  white  ;  it  assumes  after  a  time  a  bluish  tinge,  and 
in  the  dry  state  is  a  light  blue  amorphous  powder.  This  copper 
salt  may  be  heated  to  110°  C.  without  decomposition  ensuing. 

a.  0-7633  grm.  was  ignited,  the  mass  obtained  dissolved  in 
hydrochloric  acid,  and  the  copper  precipitated  by  hydrosulphuric 
acid.  The  washed  sulphide  was  dried,  and  mechanically  separated 
as  perfectly  as  possible  from  the  filter.  The  filter  was  burned,  and 
its  ash,  together  with  the  sulphide  of  copper,  was  treated  with 
fuming  nitric  acid.  After  dilution,  the  sulphur  was  separated  by 
filtration,  and  the  copper  precipitated  by  potash.     The  filtrate  from 
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the  sulphide  of  copper  was  boiled  to  expel  the  hydrosulphuric  acid, 
and  the  phosphoric  acid  precipitated  as  ammonio-phosphate  of  mag- 
nesia. The  above  quantity  gave  0*2691  grm.  oxide  of  copper 
(  =  0-2149  grm.  copper),  and  0*3658  grm.  pyrophosphate  of  mag- 
nesia (0*2323  grm.  phosphoric  acid). 

h.  0*4366  grm.  gave  0-4108  grm.  carbonic  acid  (  =  0*1120  grm. 
carbon),  and  0*1882  grm.  water  (  =  0*0209  grm.  hydrogen). 


Calculated. 

2Cu 

=  27*70 

^10 

=  25*98 

H„ 

=     4*76 

PO, 

=   31*16 

O3 

=    10*39 

Found. 


a. 

28* 


30*4 


25*6 

4*8 


100*00 

Amylopliosphate  of  Baryta^  n   \j   f\\  '  POs*  i^  precipitated  from 

a  solution  of  amylopliosphate  of  potash,  on  the  addition  of  chloride 
of  barium,  in  the  form  of  white  scales  of  a  silky  lustre.  This  salt 
is  slowly  precipitated  from  cold  solutions ;  its  formation,  and 
especially  the  formation  of  the  scales,  is  favoured  by  gentle  heat. 
Although  the  specific  gravity  of  the  baryta-salt  is  doubtless  greater 
than  that  of  the  copper  compound,  yet  the  former  collects  prin- 
cipally at  the  surface  of  the  liquid,  —  a  phenomenon  which  may 
possibly  be  ascribed  to  the  fatty  nature  of  the  body. 

For  the  determination  of  the  baryta  and  the  phosphoric  acid, 
weighed  portions  of  the  substance  were  ignited,  the  residues  di- 
gested with  dilute  nitric  acid,  and  the  liquid  containing  the  baryta 
and  phosphoric  acid  filtered  from  the  carbon.  The  baryta  was 
then  precipitated  by  sulphuric  acid,  and  the  phosphoric  acid  as 
ammonio-phosphate  of  magnesia. 

a.  0*4588  grm.  gave  0*3473  grm.  sulphate  of  baryta  (  =  0*2043 
grm.  barium),  and  0*1692  grm.  pyrophosphate  of  magnesia 
(  =  0*1074  grm.  phosphoric  acid). 

h.  0*5730  grm.  gave  0*4358  grm.  sulphate  of  baryta  (  =  0-2565 
grm.  barium),  and  0*2122  grm.  pyrophosphate  of  magnesia 
(  =  0*1347  grm.  phosphoric  acid). 

c.  0*4013  grm.,  burned  as  above  with  oxide  of  copper,  gave 
0*2796  grm.  carbonic  acid  and  0*1531  grm.  water  (  =  0*0763  grm. 
carbon  and  0*0170  grm.  hydrogen). 
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Hence  the  following  composition  per  cent. : — 

Calculated.  Found. 

a. 
44-54 


2Ba     = 

45-07 

C30    = 

18-73 

H„    = 

3-62 

PO,  = 

23-68 

O3     = 

7-89 

6. 

c. 

44-76 

— 

— 

19-00 

— 

4-24 

23-4  23-5 


99-99 

In  a  solution  of  subnitrate  of  mercury,  amylophosphate  of  potash 
produces  a  precipitate  in  the  form  of  a  white  amorphous  powder, 
the  composition  of  which  has  not  been  determined. 

2H  NO  "I 

Amylophosphate  of  Ammonia,  r^  \j  r\\  POa*  For  the  prepa- 
ration of  this  salt,  freshly  precipitated  amylophosphate  of  copper 
may  be  suspended  in  water  and  treated  with  freshly  prepared  sul- 
phide of  ammonium.  The  filtrate  from  the  sulphide  of  copper  is 
then  boiled,  again  .filtered,  and  evaporated  to  dryness  on  a  water- 
bath.  It  is,  however,  in  this  process  impossible  to  avoid  the  forma- 
tion of  sulphite  and  sulphate  of  ammonia.  These  impiu'ities  may 
be  removed  by  recrystallisation  from  alcohol.  In  its  external 
properties,  the  ammonia  compound  prepared  as  above  has  great 
similarity  to  the  potash  salt.  The  same  body  is  obtained  in  a 
state  of  greater  purity  by  the'  direct  neutralisation  of  amylophos- 
phoric  acid  by  ammonia. 

Amylophosphoric  Acid. — For  the  preparation  of  free  amylophos- 
phoric  acid,  I  made  use  of  the  freshly-prepared  and  well-washed 
copper  salt.  This  salt  was  suspended  in  water,  and  the  copper 
precipitated  from  it  by  a  stream  of  hydrosulphuric  acid.  The 
liquid,  filtered  as  quickly  as  possible  from  the  sulphide  of  copper, 
reacted  strongly  acid ;  it  was  evaporated  to  the  consistence  of  a 
syrup  on  a  water-bath.  A  drop  of  this  syrupy  mass,  dissolved  in 
water  and  neutralised  by  ammonia,  gave  a  pure  white  precipitate 
with  nitrate  of  silver, — a  proof  that  the  acid  had  neither  been  de- 
composed by  the  precipitation  of  the  copper  nor  by  the  evaporation 
on  the  water-bath.  At  this  stage  of  concentration,  the  acid  did  not 
lose  weight  over  sulphuric  acid.  After  replacement  on  the  water- 
bath,  minute  crystals  were  formed,  which,  under  the  microscope, 
proved  to  be  long  needles. 

Amylophosphoric  acid,  prepared  as  above,  is  without  odour,  has 


}  •  PO,. 
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a  strong  acid  taste,  and  easily  expels  carbonic  acid  from  combination. 
It  is  soluble  in  water  and  alcohol,  but  insoluble  in  ether,  so  that 
it  is  precipitated  on  mixing  a  concentrated  alcoholic  solution  with 
ether.  The  crystallised  acid  eagerly  absorbs  moisture  from  the  air, 
and  deliquesces :  I  was  in  consequence  unable  to  procure  a  quan- 
tity of  the  dry  acid  sufficient  for  analysis.  From  the  composition  of 
its  salts,  however,  we  are  justified  in  supposing  its  formula  to  be — 

2H0 

C,oHnO 

Amylophosphoric  acid  is  distinguishable  from  ethylo-  and  amylo- 
sulphuric  acids,  as  well  as  from  ethylophosphoric  acid,  by  its  greater 
stability;  inasmuch  as  the  former  three  acids,  even  in  dilute  solu- 
tion, are  quickly  decomposed  on  the  application  of  heat,  while  the 
latter,  in  concentrated  solution,  bears  the  heat  of  a  water-bath 
without  undergoing  decomposition.  Heated  in  the  flame  of  a  lamp, 
it  burns  with  a  white  flame,  leaving  a  residue  of  phosphoric  acid. 

If  dry  amylophosphate  of  silver  be  introduced  into  a  tube, 
moistened  with  a  few  drops  of  chloride  of  amyl,  and  the  tube  be 
then  hermetically  sealed  and  exposed  for  several  hours  to  a  tem- 
perature of  about  180°  C,  decomposition  enslies.  On  the  one 
hand,  chloride  of  silver  is  found;  and  on  the  other,  an  ethereal 
liquid,  which  is  taken  up  by  alcohol,  and  reprecipitable  therefrom 
in  oily  drops  on  the  addition  of  water.  The  smell  of  this  body  is 
distinctly  different  from  that  of  fusel-oil,  as  well  as  from  that  of 
chloride  of  amyl.  It  is  probably  amylophosphate  of  oxide  of 
amyl,  the  formation  of  wdiich  may  have  occurred  according  to  the 
equation : 

c!oH^,?o}  ■  ^^'  "^  2(CioH,^Cl)  =  3C,oH„0  •  PO,  +  2AgCl. 
Unfortunately,  I  had  not  sufficient  of  this  body  for  analysis. 


VIII. —  On  the  Action  of  Heat  upon  the  Oxychloride  of  Copper 

(^Atacamite.) 

By  Frederick  Field. 

Some  time  since  a  paper  was  published  by  me  in  the  *'  Memoirs 
of  the  Cliemical  Society,"  "  On  the  Composition  of  a  Specimen  of 
Atacamite  from  the  province  of  Copiapo,  Chili."     As  I  have  fre- 
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quently  met  with  this  mineral  since  in  various  parts  of  Atacama, 
and  at  different  times  have  had  large  quantities  to  smelt,  and 
opportunities  of  observing  its  behaviour  under  the  influence  of 
heat,  I  thought  perhaps  a  few  remarks  would  not  be  uninteresting, 
more  especially  as  the  results  obtained  by  me  upon  this  native 
oxy chloride  of  copper  differ  considerably  from  those  of  Proust 
and  others  upon  the  artificially  prepared  compound. 

In  Gmelin's  "Handbook  of  Chemistry,"  (Cavendish  Society,) 
Vol.  V.  p.  440,  under  the  head  of  "  Mono-hydrated  Oxychloride 
of  Copper,"  it  is  said,  upon  the  authority  of  Proust,  that  a  com- 
pound having  the  composition  CuCl,  3CuO  is  obtained  by  gently 
heating  the  hydrated  compound  CuCl,  2CuO  +  HO,  and  that  at  a 
red  heat  oxygen  is  given  off,  and  it  is  converted  into  a  compound  of 
protoxide  and  dichloride  of  copper,  CuCl,  3CuO  =  CugCl,  2CuO  +  O. 
It  is  also  called  by  Proust,  p.  438,  same  volume,  "Cupric  oxide 
with  cuprous  chloride,  the  residue  obtained  by  heating  cupric  oxy- 
chloride." In  p.  441,  same  volume,  the  hydrated  cupric  oxy- 
chloride found  in  nature  as  atacamite  when  heated,  according  to 
the  experiments  of  A.  Vogel,  gives  off  hydrochloric  acid.*  In  the 
same  page,  the  composition  is  given  as  under,  viz. : — 

Chloride  of  copper    .         .         .     30*17 

3  Oxide  of  copper        .         .         .53*72 

4  Water 16-11 


100*00 


The  mass  of  mineral  upon  which  I  experimented  had,  as  nearly 
as  possible,  the  same  composition:  — 

Chloride  of  copper  .  .  .  30*94 
Oxide  of  copper  .  .  .  .  53*31 
Water 16*12 


100*00 


or  CuCl,  3CuO -f- HO,  which  requires  15*87  per  cent,  chlorine, 
16*11  per  cent,  water,  and  57*29  per  cent,  oxide  of  copper.  On 
placing  100  grs.  of  the  above  mineral  finely  powdered  in  a  platinum 
crucible,  and  exposing  it  with  every  precaution  for  half  an  hour  to 
a  heat  gi'adually  increasing  to  whiteness,  it  was  found  on  reweigh- 
ing  to  have  lost  46*32  grs.  and  appeared  a  deep  black  powder 
without  any  shade  of  brown  or  other  colour.     It  will  be  seen  from 

*  Vogel' s  observation  appears  rather  to  refer  to  the  artificially  pi'epared  com- 
pound. 
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this  that  the  loss  on  heating  exactly  corresponds  with  the  sura  of 
the  water  and  chloride  of  copper  the  mineral  originally  contained, 
viz.,  47 '06  per  cent.  The  residue  should  then  consist  of  nothing 
but  pure  black  oxide.  It  was  dissolved  in  pure  nitric  acid,  and 
tested  for  chlorine  by  nitrate  of  silver.  A  merely  perceptible 
cloud  of  chloride  of  silver  was  obtained,  which  is  accounted  for  by 
a  trace  of  the  sublimed  chloride  of  copper  remaining  on  the  upper 
part  of  the  crucible.  The  silver  was  separated  by  HCl,  and  the 
copper  estimated  in  the  usual  way. 

53*31  grs.  gave  42*61  copper  =  79*94  per  cent., 
calculation  being  80*00. 

During  the  whole  time  of  heating,  a  dense  white  smoke  was 
developed,  which  condensed  as  a  yellow  powder  when  any  cold 
surface  was  introduced.  A  glass  rod,  dipped  in  solution  of  ferro- 
cyanide  of  potassium  and  held  over  the  fiimes,  became  instantly 
covered  with  the  rose-coloured  ferrocyanide  of  copper.  I  could 
not  in  these  experiments  collect  sufficient  of  the  sublimate  for 
analysis.  I  had  to  operate  upon  a  larger  quantity.  Two  or  three 
hundred-weight  of  specimens  containing  comparatively  small  por- 
tions of  the  oxychlorides  (from  4  to  5  per  cent.)  were  heated  with 
a  quantity  of  charcoal  and  wood  shavings  in  a  small  furnace  some- 
what resembling  a  lime-kiln  loosely  covered.  When  the  ore  had 
become  thoroughly  red  hot,  white  fumes  arose,  and  condensed  on 
the  cover  and  the  superior  layer  of  mineral,  as  a  brilliant  yellow 
sublimate,  highly  crystalline  in  appearance.  These  were  removed 
with  great  care,  placed  at  once  into  a  weighed  stoppered  glass 
bottle,  and  subjected  to  the  heat  of  an  air-bath.  It  was  per- 
fectly impossible  to  handle  them  or  to  expose  them  one  moment  to 
the  colder  air,  as  they  turned  at  first  snow-white,  and  then  green, 
owing  to  absorbed  water. 

25  grains  of  this  yellow  sublimate  were  dissolved  in  water,  and 
yielded  upon  analysis  13*13  chlorine  and  12*86  copper =52*52  per 
cent,  of  the  former  and  47*46  of  the  latter,  or  as  nearly  as  possible 
pure  anhydrous  chloride  of  copper. 

From  the  above  experiments  it  appears  that  the  chloride,  when 
associated  with  the  oxide  of  copper,  comports  itself  in  a  different 
manner  than  when  in  its  uncombined  state,  in  the  latter  case  being 
converted  into  dichloride  with  loss  of  chlorine ;  but  even  this  com- 
pound is  itself  dissipated  at  a  white  heat.  I  am  led  to  believe  that 
in  the  decomposition  of  the  oxychloride  there  is  no  intermediate 
stage  in  the  process,  such  as  the  conversion  of  the  protochloride 
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into  the  dichloride,  but  a  direct  disengagement  of  the  former  from 
its  associated  oxide,  in  the  first  place,  because  the  characteristic 
flame  is  uniform  throughout  from  the  moment  of  heating,  and  in 
the  second,  because  the  evolved  sublimate  consists  of  pure  anhy- 
drous chloride  of  copper. 

The  following  formula  might  be  offered  for  oxychloride  of 
copper,  although  I  confess  no  experiments  of  mine  have  been  able 
to  prove  that  such  is  the  fact. 

Cu2q2CuO  +  4HO 

We  have  here  2  equivs.  of  copper  combined  with  1  equiv.  oxygen 
and  1  equiv.  chlorine,  and  coupled  with  2  equivs.  of  protoxide, 
so  that  1  equiv.  of  chlorine  might  be  supposed  to  have  replaced 
1  equiv.  of  oxygen  in  4  equivs.  of  the  oxide  of  copper, 

4CuO  +  CI  -  O  =  CugQ  2CuO 

and  upon  the  application  of  heat,  either  two  equivalents  are 
acquired,  or  the  atom  may  be  supposed  to  be  divided. 

2(Cu2Q  2CuO  +  4H0)  =  2CuCl  +  6CuO  +  8HP 

When  the  oxychloride  is  heated  with  lime,  chloride  of  calcium 
is  formed,  together  with  black  oxide  of  copper. 


IX. — Analysis  of  a  Meteoric  Stone  from  the  Desert  of  Atacama. 

By  Frederick  Field. 

The  following  is  an  analysis  of  a  meteoric  stone  which  fell  some- 
time since  in  Bolivia,  about  a  hundred  leagues  from  the  coast 
North  of  the  port  of  Cobiza.  A  portion  sent  me  by  a  friend  had  a 
stony  metallic  appearance,  was  very  hard  and  tough,  of  specific 
gravity  7*89.  In  various  cavities  upon  the  surface  were  minute 
crystals  of  a  brownish  white  colour,  which  on  analysis  were  found 
to  contain  silica,  lime,  oxide  of  iron,  and  phosphoric  acid.      A 
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portion  broken  off  from  the  metallic  part,  and  analysed,  gave 
nickel,  iron,  phosphorus,  and  traces  of  cobalt ;  no  vestige  of  sulphur 
could  be  detected.     The  following  is  the  quantitative  analysis — 

Iron  .  .  .  87-80 
Nickel  .  .  .  11-88 
Phosphorus     .     00-30 


99-98 


with  traces  of  cobalt. 

The  phosphorus  was  estimated  as  phosphate  of  magnesia.  The 
sulphides  of  nickel  and  iron,  dissolved  in  dilute  aqua-regia,  were 
separated  by  succinate  of  ammonia.  The  stone  was  perfectly 
soluble  in  dilute  hydrochloric  acid. 


X. — Some  Experiments  illustrative  of  the  Reciprocal  Decompositioti 

of  Salts. 

By  J.  H.  Gladstone,  Ph.D.,  F.R.S. 

Among  the  conclusions  arrived  at  by  me  in  a  paper  published  in  the 
"  Philosophical  Transactions"  of  last  year,  were  the  following  : — 

*'  Where  two  or  more  binary  compounds  are  mixed  under  such 
circumstances  that  all  the  resulting  bodies  are  free  to  act  and  react, 
each  electro-positive  element  arranges  itself  in  combination  with 
each  electro-negative  element  in  certain  constant  proportions." 

"  These  proportions  are  not  merely  the  resultant  of  the  various 
streno-ths  of  affinity  of  the  several  substances  for  one  another,  but 
are  dependent  also  on  the  mass  of  each  of  the  substances  in  the 
mixture." 

My  impression  is  that  these  laws  are  of  universal  application ; 
but  this  can  be  established  only  by  the  observation  of  a  large 
number  of  varied  instances  in  which  they  hold  good,  and  by  the 
investigation  and  explanation  of  every  supposed  exception. 

The  present  paper  contains  the  account  of  some  reactions  bearing 
upon  the  subject,  which  are  of  value,  either  from  the  experiments 
having  been  performed  with  elements  hitherto  untried,  or  from 
some  novelty  in  the  mode  of  observation.      Every  difficulty  which. 
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to  my  knowledge,  has  been  proposed  by  others,  or  which  has  oc- 
curred to  my  own  mind,  has  been  examined,  and  is  here  com- 
mented on. 

Chroviium  Salts. — The  soluble  chromic  salts  have  very  remark- 
able optical  properties.  Their  colour,  by  transmitted  light,  depends 
not  only  for  its  depth,  but  for  its  very  character,  upon  the  amount 
of  salt  which  the  ray  has  traversed  in  the  solution.  If  the  solution 
be  weak,  or  if  only  a  thin  stratum  be  seen,  it  appears  green ;  if  a 
stronger  solution  or  a  thicker  stratum,  it  appears  red.  As  these 
two  colours  are  complementary,  or  nearly  so,  the  red  on  dilution 
passes  into  the  green,  not  by  a  strictly  speaking  intermediate  shade, 
but  by  a  kind  of  brown  or  neutral  tint.  Now  though,  as  far  as  I 
am  aware,  this  description  applies  to  all  the  soluble  chromic  salts, 
the  amount  of  oxide  requisite  to  give  the  red  appearance  depends 
greatly  upon  the  acid  with  which  it  is  combined.  Thus,  if  equal 
portions  of  chromic  oxide  be  dissolved  in  acetic  and  in  sulphuric 
acids,  it  is  very  easy  to  arrange  it  so  that,  when  viewed  through 
glasses  of  equal  capacity,  the  acetate  appears  red,  and  the  sulphate 
green.  If  now  to  the  red  acetate  a  few  drops  of  sulphuric  acid  be 
added,  it  passes  through  the  neutral  tint  to  the  green  colour ;  or  if 
contrariwise,  a  little  glacial  acetic  acid  be  added  to  the  green  sul- 
phate, it  assumes  the  reddish  hue. 

It  is  interesting  to  observe  this  change  of  colour  by  means  of  a 
prism.  If  a  luminous  object  be  viewed  through  any  solution  of  a 
chromic  salt,  it  exhibits  two  images,  the  one  red,  and  the  other 
green,  fringed  with  blue.  The  relative  intensity  of  colour  of  these 
two  images  differs  with  the  amount  of  salt  looked  through,  and 
with  the  character  of  the  electro-negative  element.  On  the  addi- 
tion of  acetic  acid,  the  red  image  becomes  comparatively  brighter 
and  brighter,  while  the  green  image  pales ;  and  contrariwise,  on 
the  addition  of  hydrochloric  or  sulphuric  acid,  the  green  image 
becomes  comparatively  more  and  more  distinct,  while  the  red  one 
fades.  Again,  if  a  solution  of  the  acetate  be  seen  through  the 
sides  of  a  wedge-shaped  glass  vessel,  the  stratum  near  the  angle 
will  appear  green,  that  near  the  broad  end  red,  while  about  a  cer- 
tain line  neither  colour  will  preponderate.  On  the  addition  of 
sulphuric  acid  this  line  advances  towards  the  broad  end,  while 
acetic  acid  brings  it  again  nearer  the  angle. 

Ferrous  Salts. — The  mutual  displacement  of  sulphuric  and  acetic 
acids  may  be  also  rendered  visible  by  means  of  the  protoxide  of 
iron.  If  to  a  green  solution  of  sulphate  of  iron  a  solution  of  acetate 
of  potash  be  added,  a  brown  colour  is  the  result.     If  sulphuric  acid 
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be  added  to  this,  the  pale  colour  is  more  or  less  restored ;  if  an 
addition  of  acetate  of  potash  be  then  made,  the  brown  reappears. 
This  may  be  repeated  many  times  with  the  same  solution.* 

Cobalt  Salts. — The  sulphocyanide  of  cobalt  in  an  anhydrous  con- 
dition, like  the  chloride,  is  blue ;  but,  unlike  that  salt,  it  retains  its 
blue  colour  when  dissolved  in  a  little  water.  As  the  solution  is 
diluted,  it  gradually  assumes  the  red  tint  w^iich  characterises  solu- 
tions of  the  compounds  of  this  metal.  If  very  strong  solutions, 
containing  corresponding  equivalents  of  chloride  of  cobalt  and 
sulphocyanide  of  potassium,  be  mixed,  a  blue  colour  makes  its 
appearance,  showing  the  formation  of  sulphocyanide  of  cobalt. 
But  that  the  double  decomposition  has  not  been  complete,  may  be 
made  evident  by  carefully  diluting  the  blue  mixture  with  water  till 
it  has  become  distinctly  red,  and  dividing  it  into  two  parts.  If  to 
the  one  portion  some  of  the  very  strong  solution  of  sulphocyanide 
of  potassium  be  added,  the  blue  colour  is  restored ;  on  the  addition 
of  more  water,  it  disappears ;  and  this  may  be  repeated  a  number  of 
times,  until  ten  or  twelve  equivalents  of  sulphocyanide  of  potassium 
has  been  added  to  one  of  chloride  of  cobalt.  If,  inversely,  to  the 
other  portion  of  the  original  mixture  chloride  of  cobalt  be  added, 
that  substance  also  produces  a  blue  colour,  which  may  be  like- 
wise caused  to  become  red,  or  to  reappear  many  times,  by  the 
successive  addition  of  water  or  chloride  of  cobalt. 

Chromates. — During  the  past  year  the  "  Journal  de  Pharmacie 
et  Chimie"!  has  published  an  extract,  in  which  Margueritte 
proves  that  ''  chromic  acid  can  displace  hydrochloric,  nitric,  and 
even  sulphuric  acids,  and  take  away  from  them  a  part  of  the  base 
to  which  they  are  united,  whether  that  base  be  strong  or  weak." 
We  all  know  that  these  acids  are  capable  of  displacing  chromic 
acid ;  indeed,  the  same  investigator  has  shown  that  even  boracic 
and  carbonic  acids  will  decompose  bichromate  of  potash.  By  a 
method  of  observation  almost  identical  with  that  adopted  by  myself, 
he  found  that  the  addition  of  such  salts  as  chloride  of  potassium,  or 
the  nitrate  or  sulphate  of  potash  or  ammonia,  to  a  solution  of  tlie 
red  bichromate  of  potash,  caused  the  production  of  yellow  mono- 
chromate.  Such  experiments,  he  conceives,  lend  support  to  his 
view  of  "  the  partition  of  a  base  between  the  two  acids,  when  any 
acid  is  added  to  any  saline  solution ;"  which  is  identical  with  the 

*  This  experiment  was  suggested  by  a  remark  in  Professor  Miller's  Chapter  on 
"  Some  Circumstances  which  Modify  the  Opijrations  of  Chemical  Affinity,"  in  his 
"  Elements  of  Chemistry,  Theoretical  and  Practical,"  vol.  ii. 

t  J.  Pharm.  [3]  xxvii.  21. 
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law  ofBerthollet,  or  rather  is  included  in  the  more  general 
expression. 

One  objection,  however,  may  be  taken  to  this  conclusion  from 
M argue ritte's  experiments.  It  may  be  contended  that  the  salt 
added  merely  displaces  the  one  equivalent  of  chromic  acid  in  the 
bichromate  of  potash,  and  that,  in  fact,  the  reaction  is  according  to 
the  formula : 

KO,2Cr03  +  K0,S03  =  2(KO,Cr03)  +  SO3. 

Indeed,  this  idea  seems  to  have  been  in  the  mind  of  Schweizer, 
in  a  paper  published  a  few  months  ago  on  these  reactions  of 
chromic  acid.*  The  point  seemed  to  admit  of  easy  determination, 
for  if  the  decomposition  really  take  place  in  that  manner,  the  pro- 
duction of  the  yellow  colour  will  be  perfect  when  single  equivalents 
of  the  two  salts  are  mixed,  and  no  subsequent  addition  of  sulphate 
of  potash  will  hghten  the  tint.  On  trying  the  experiment  it  was 
found  to  be  otherwise.  The  addition  of  one  equivalent  of  sulphate 
of  potash  to  one  of  bichromate  of  potash  caused  certainly  a  diminu- 
tion of  the  red  tint ;  but  successive  additions  of  the  sulphate  to  the 
previous  mixture  caused  the  yellow  to  become  more  and  more 
decided.  Hence  it  may  be  concluded,  that  the  mixture  of  single 
equivalents  contains  both  bichromate  and  monochromate  of  potash, 
besides  sulphuric  acid  and  sulphate  of  potash,  and  possibly  free 
chromic  acid. 

Copjyer  Salts. — M.  Alvaro  Reynoso  has  recently  published 
some  "facts  relating  to  the  double  decomposition  of  salts." f  By 
taking  advantage  of  the  power  of  glucose  to  reduce  the  acetate  of 
copper,  he  finds  that  when  acetates  of  the  alkalies,  earths,  or  metals, 
are  mixed  with  the  nitrate  or  sulphate  of  copper,  the  acetate  of 
that  metal  is  produced.  This  is,  so  far,  in  accordance  with  the  law 
of  Berth ollet;  but  whether  the  decomposition  be  complete  or 
not  does  not  appear  from  his  experiments,  though  the  action  of 
mass  is  very  evident  in  some  of  them.  One  remark,  however, 
presents  some  difficulty.  He  observed  that  acetate  of  copper, 
mixed  with  ferric  nitrate  or  sulphate,  loses  the  property  of  being 
reduced  by  glucose.  This  I  have  repeated  quantitatively.  Solu- 
tions of  acetate  of  copper  and  nitrate  of  iron  were  prepared  of 
known  strength ;  they  were  mixed  together  in  certain  proportions, 
with  the  addition  of  glucose,  and  boiled. 

*  J.  pv.  Chem.  Ixv.  173.  t  Compt.  vend.  xli.  278. 
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Salts  mixed  with  glucose.  Result. 

Acetate  of  copper Immediate  decomposition. 

3  eq.        „  „        + 1     eq.  ferric  nitrate  Deposit  after  boiling. 

3  eq.         „  „        + 1  '5  eq.      „         „  Deposit  after  long  boiling. 

3  eq.        „  „        +  2     eq,      „         „  Deposit  after  very  long  boiling. 

From  tliis  it  may  be  concluded  that  3  (CuO,  AcOg)  +  FcgOg,  SNOg 
do  not  become  wholly  3(CuO,NOg)  +  FogOg,  3  AcOg.  This  also  was 
confirmed  by  the  colour  :  for  the  mixture  of  two  equivalents  of  the 
ferric  nitrate  with  three  of  acetate  of  copper  was  deeper  in  tint 
than  when  the  salts  were  mixed  in  the  proportions  merely  necessary 
for  the  above  double  decomposition. 

This  reaction,  then,  instead  of  militating  against  the  conclusion 
illustrated  in  this  paper,  serves  to  support  it. 

In  the  "  Comptes  rendus"  for  last  year,  there  also  appear 
papers  by  Tissier*  and  Bineau,t  narrating  experiments  con- 
firmatory of  the  views  arrived  at  by  myself  and  other  investigators ; 
but  they  call  for  no  further  remark. 

EVIDENCE    FROM    CIRCULAR   POLARISATION. 

Camphorates. — It  was  an  early  idea  of  mine  that  the  effect  of 
chemical  affinity  among  substances  in  solution  might  be  tested  by 
means  of  circular  polarisation ;  yet  the  evident  intricacies  of  the 
subject  deterred  me  from  making  any  experiments  :  nor,  indeed, 
did  I  see  a  case  suited  to  my  purposes.  M.  Bouchardat,!  how- 
ever, has  announced  that  camphoric  acid  dissolved  in  alcohol 
causes  a  right-handed  rotation ;  and  that  when  it  is  saturated  with 
a  base,  the  rotation  is  considerably  diminished,  but  is  restored 
again  on  the  supersaturation  of  the  base  by  another  acid.  Yet,  if 
I  understand  his  experiments  rightly,  it  appears  that  in  the  latter 
case  the  original  amount  of  rotation  is  not  quite  obtained.  Thus 
he  gives  the  numbers : — 

Camphoric  acid  .         .         .         .         .         .   12°  R. 

The  same,  saturated  with  soda  .         .         .         .     7°  R. 

The  same,  supersaturated  with  hydrochloric  acid  11°  R. 

Camphoric  acid  ......  22°  R. 

The  same,  saturated  with  ammonia    .         .         .   12°  R. 
The  same,  supersaturated  with  hydrochloric  acid  21°  R. 

♦  "  On  some  Facts  relating  to  Double  Decomposition,"  p.  362. 
•j-  "  On  the  Solubility  of  certain  Metallic  Oxides  and  Earthy  Carbonates,  and  on 
some  Reactions  produced  by  their  Solutions,"  p.  509. 
f  Compt.  rend,  xxviii.  319. 
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Are  we  wrong  in  deducing  from  these  results  that  the  hydrochloric 
acid  did  not  completely  decompose  the  alkaline  camphorates  first 
formed  ? 

SALTS   DISSOLVED   IN   ACIDS. 

Sulphate  of  Baryta. — Within  these  last  few  months,  no  less  than 
four  papers  have  appeared,  in  which  the  solubility  of  sulphate  of 
baryta  in  hydrochloric  acid  is  discussed.  Professor  Rose,*  Mr. 
Grace  Calvert, f  Dr.  Noad,|  and  Messrs.  Nicholson  and 
D.  Price,§  have  shown  by  independent  experiments,  not  only 
that  sulphate  of  baryta  is,  to  a  certain  extent,  soluble  in  these  acids, 
but  that  the  amount  dissolved  is  most  materially  diminished  by  tlie 
presence  of  an  excess  of  baryta  salt.  Rose  states  that  the  solution 
of  pure  sulphate  of  baryta  in  either  of  the  above-mentioned  acids 
gives  a  small  precipitate  when  treated  with  either  chloride  of 
barium  or  dilute  sulphuric  acid.  He  says,  "  It  is  a  striking  cir- 
cumstance that  the  presence  of  the  dissolved  sulphate  of  baryta  is 
indicated  by  both  these  reagents,"  and  he  concludes  that  the  salt 
in  question  "  is  less  soluble  in  sulphuric  acid  and  in  chloride  of 
barium  than  in  hydrochloric  acid  and  nitric  acid."  Yet  the  great 
analytical  chemist  can  scarcely  offer  this  as  a  satisfactory  explana- 
tion ;  for,  in  the  experiment,  the  acid  solvent  still  remains,  capable, 
of  course,  of  exerting  its  former  power.  Indeed,  the  next  sentence 
shows  the  insufficiency  of  the  reason;  for  Rose  remarks  that  sul- 
phate of  baryta  does  not  separate  from  the  acid  solution  by  means 
of  water,  although  it  is  assuredly  less  soluble  in  water  than  in 
hydrochloric  or  nitric  acids. 

However,  this  "  striking  circumstance"  is  precisely  what  might 
be  expected  if  the  law  of  reciprocal  decomposition,  as  quoted  above, 
be  true.  If  sulphate  of  baryta  in  excess  be  treated  with  an  acid — 
say  nitric — that  portion  which  is  brought  into  solution  will  suffer 
partial  decomposition,  and  a  solution  will  eventually  result,  con- 
taining as  much  sulphate  of  baryta  as  the  free  acid  is  capable  of 
dissolving,  and  as  much  nitrate  of  baryta  and  sulphuric  acid  as  is 
capable  of  counterbalancing  the  two  other  bodies.  Such  being 
the  case,  the  addition  of  either  sulphuric  acid  or  baryta  salt  will 
disturb  the  equilibrium,  with  the  production  of  fresh  sulphate  of 
baryta,  which  must  precipitate,  seeing  that  the  acid  solution  was 
previously  saturated. 

Sulphate  of  Strontia. — Rose  observed  the  same  with  sulphate  of 

*  Pogg.  Aun.  xcv.  108.  %  Chcm.  Soc.  Qu.  J.  ix.  15. 

t  Proc.  Roy.  Soc.  vii.  532.  §  Phil.  Mag.  1856  [4],  xi.  169. 
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strontia  as  he  did  with  sulphate  of  baryta.     Of  course  it  is  capable 
of  the  same  explanation. 

Sulphate  of  Lime.  —  On  examining  a  solution  of  sulphate  of  lime 
in  hydrochloric  acid.  Rose  observed  that  a  precipitate  formed  when 
it  was  treated  with  sulphuric  acid,  but  not  when  it  was  treated  with 
a  solution  of  chloride  of  calcium.  That  this  precipitation  by  sul- 
phuric acid  is  incapable  of  the  explanation  offered  by  him  in  the 
case  of  sulphate  of  baryta,  he  shows  by  the  observation  that  "  a 
concentrated  solution  of  sulphate  of  lime  in  water  is  not  precipitated 
by  sulphuric  acid."  But  the  non-precipitation  by  chloride  of  cal- 
cium presented  a  difficulty  to  my  explanation. 

Two  possible  reasons  suggested  themselves  to  me,  and,  for- 
tunately, each  was  capable  of  being  put  to  the  test  of  experiment. 
It  might  be  that  one  equivalent  of  sulphate  of  lime  is  capable  of 
being  dissolved  (or  decomposed)  by  not  more  than  one  equivalent 
of  hydrochloric  acid.  In  that  case,  the  formation  of  any  amount  of 
sulphate  of  lime  from  chloride  of  calcium  would  set  free  an  equiva- 
lent amount  of  hydrochloric  acid,  which  would  keep  it  in  solution. 
It  was  found,  however,  that  one  equivalent  of  sulphate  of  lime 
required  three  equivalents  of  hydrochloric  acid  (somewhat  dilute) 
at  the  ordinary  temperature  to  dissolve  it. 

The  other  supposition  was  that  chloride  of  calcium  might  itself 
exert  a  solvent  action  on  sulphate  of  lime ;  but  this  was  found  not 
to  be  the  case. 

The  only  supposition,  then,  that  seemed  possible,  if  my  view 
were  correct,  was  that  such  a  small  amount  of  additional  sulphate 
of  lime  was  formed  that  it  was  soluble  in  the  water  which  was 
added  at  the  same  time  as  the  chloride  of  calcium.  This,  happily, 
Avas  also  capable  of  being  put  to  the  proof  by  employing  a  very 
concentrated  solution  of  the  chloride.  On  doing  so,  a  cloudiness 
at  once  appeared,  which  soon  became  a  decided  precipitate  of 
crystallised  sulphate  of  lime. 

These  reactions  are  all  explicable  on  the  supposition  that  when 
sulphate  of  lime  is  dissolved  in  hydrochloric  acid,  nearly  (but  not 
quite)  all  is  converted  into  chloride  of  calcium. 

Though  sulphate  of  lime  is  not  rendered  more  soluble  in  water 
by  the  presence  of  chloride  of  calcium,  it  does  dissolve  more  freely 
when  other  chlorides  are  present.  A.  Vogel*  has  shown  this  in 
reference  to  chloride  of  ammonium  and  common  salt :  I  have  tried 
the  experiment  with  four  metallic  chlorides — those  of  zinc,  copper, 
iron,  and  chromium,  and  have  found  it  to  be  the  case  with  each. 
*  J.  pr.  Chem.  xi.  l'J6. 
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Now  this  is  precisely  what  might  be  expected,  supposing  the  two 
salts  to  suffer  reciprocal  decomposition,  with  the  conversion  of  more 
or  less  of  the  sulphate  of  lime  into  the  very  soluble  chloride. 
Vocel  observes  that  when  the  solution  in  chloride  of  ammonium 
is  evaporated  to  dryness,  and  heated  to  redness,  pure  sulphate  of 
lime  remains ;  and  this  has  been  employed  as  an  argument  against 
Berthollet's  views  :  yet  when  we  reflect  how  very  volatile  is  the 
ammoniacal  chloride,  while  the  sulphate  is  not  volatilised  without 
decomposition,  we  shall  see  that  no  other  final  result  could  be 
obtained. 

Sulphate  of  Lead. — Wackenroder*  states  that  sulphate  of  lead 
dissolved  in  nitric  acid  is  precipitable  by  sulphuric  acid.  I  find 
that  such  a  solution  gives  a  precipitate  also  when  treated  with 
nitrate  of  lead. 

This  case  is  mentioned,  because  a  statement  of  Wackenroder 
has  been  employed  as  an  argument  against  the  BerthoUian 
hypothesis.  The  German  chemist  says  that  sulphuric  acid,  in 
large  quantity,  precipitates  the  sulphate  of  lead  completely,  notwith- 
standing the  presence  of  the  nitric  acid.  Yet,  farther  on  in  his 
paper,  he  proves  that  the  said  precipitation  is  not  absolutely  com- 
plete, and  it  is  evident  that,  by  employing  the  word  "  vollstdndig^^ 
he  merely  meant  to  say  that  the  action  was  sufficiently  perfect  for 
ordinary  analytical  purposes. 

Sulphate  of  Mercury. — Wackenroder  also  shows  that  the  in- 
soluble sulphate  of  mercury  dissolved  in  nitric  acid  is  precipitable 
by  sulphuric  acid. 

Oxalate  of  Lime. — In  order  to  vary  these  observations  by  experi- 
ments on  other  salts  than  sulphates,  a  saturated  solution  of  oxalate 
of  lime  in  dilute  hydrochloric  acid  was  prepared.  On  the  addition 
of  oxalic  acid,  a  white  precipitate  after  a  while  made  its  appearance  ; 
and  on  the  addition  of  chloride  of  calcium  to  another  portion,  a 
precisely  similar  result  ensued. 

Chloride  of  Lead. — Dilute  nitric  acid  was  saturated  with  chloride 
of  lead,  and  divided  into  two  portions.  To  the  one,  hydrochloric 
acid  was  added,  which  caused  au  instantaneous  precipitate ;  to  the 
other,  nitrate  of  lead  was  added,  and,  after  some  time,  long  crystals 
of  chloride  of  lead  formed. 

Phosphate  of  Iron, — Hitherto  the  fact,  that  when  a  salt  insoluble, 
or  slightly  soluble,  in  water,  has  been  dissolved  in  an  aqueous 
solution  of  any  acid,  the  base  divides  itself  in  certain  proportions 
between  the  two  acids,  has  been  deduced  merely  from  the  reactions 

*  Ann.  Ch.  PJiarm.  xli.  316. 
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of  which  such  a  solution  is  capable.  It  seemed  desirable  to  prove 
this,  if  possible,  by  direct  ocular  demonstration.  Phosphate  of 
iron  appeared  to  oJSer  an  opportunity  of  doing  so.  It  is  white  in 
the  solid  state,  but  dissolves  in  hydrochloric  acid  with  an  orange 
colour.  Now,  if  this  colour  be  due  to  ferric  chloride,  we  have  a 
means  of  judging  whether  the  whole  of  the  iron  be  in  that  con- 
dition. Accordingly,  some  dilute  hydrochloric  acid  was  saturated 
with  ferric  phosphate.  A  portion  was  found  to  contain  the  same 
amount  of  colour  as  an  aqueous  solution  of  0*067  grm.  of  ferric 
chloride ;  but  the  acid  liquid  itself  consisted  of  0*585  grm.  of  ferric 
phosphate  dissolved  in  0*477  grm.  of  real  hydrochloric  acid.  Evi- 
dently, therefore,  the  whole  of  the  iron  was  not  in  the  state  of 
chloride;  indeed,  supposing  the  ferric  phosphate  to  have  been  of 
the  usual  composition,  2  (FcgOg)  BPOg,  the  amounts  of  iron  in  the 
two  equi-tinted  solutions  were — 

In  the  solution  containing  both  phosphoric 

and  hydrochloric  acids         .         .         .     0*164  grm.  Fe. 
In  the  solution  of  pure  ferric  chloride       .     0*023     „      „ 
Hence  it  would  appear,  that  when  ferric  phosphate  is  dissolved  in 
the  smallest  possible  amount  of  hydrochloric  acid,  only  one-seventh 
part  is  converted  into  the  chloride. 

It  is  here  assumed  that  the  ferric  phosphate,  which  is  white  in 
its  pure  state,  has  no  colour  of  its  own  when  dissolved.  In  other 
ways,  also,  the  above  numbers  may  not  be  very  exact ;  yet  one 
thing  is  certainly  proved, — that  when  phosphate  of  iron  is  dissolved 
in  a  minimum  of  hydrochloric  acid,  it  is  not  wholly,  or  principally, 
converted  into  the  chloride. 

It  may  be  expected  that  if  a  considerable  amount  of  the  iron  still 
remain  as  phosphate,  the  addition  of  more  hydrochloric  acid  will 
decompose  more  or  less  of  this,  and  increase  the  colour.  Such  was 
found  to  be  actually  the  case. 

These  experiments  could  not  be  advantageously  performed  by 
looking  horizontally  through  the  solution,  for  the  golden  tint  of  the 
ferric  chloride  is  very  little  altered  by  dilution.  A  comparison, 
however,  is  easily  made  by  looking  perpendicularly  through  the 
solutions  contained  in  glasses  of  uniform  diameter. 

The  addition  of  phosphoric  acid  to  the  acid  solution  of  ferric 
phosphate  gave  an  immediate  flocculent  precipitate.  I  failed,  how- 
ever, to  obtain  a  precipitate  on  the  addition  of  ferric  chloride.  This 
is  the  first  exception  to  the  general  inference  that  if  a  salt  AB 
dissolve  in  an  acid  CD,  the  addition  of  either  AD  or  CB  will 
cause  the  production  of  more  AB  than  the  acid  can  keep  in  solu- 
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tion ;  yet  when  the  pecuharity  attending  the  saturating  power  of 
phosphoric  acid  is  considered,  it  will  probably  present  no  great 
difficulty  to  the  reception  of  that  as  a  general  law. 

REPUTED   EXCEPTIONS. 

Beside  the  ^^nma  facie  difficulties  already  discussed,  other  reac- 
tions have  been  urged  against  the  general  conclusions  adopted  by 
me,  and  these  claim  a  careful  examination. 

Cyanide  of  Mercury. —  Reactions  of  an  apparently  anomalous 
character  take  place  among  mercury  salts :  thus,  the  cyanide  affords 
two  instances  where  an  insoluble  compound  does  not  form,  although, 
from  the  reciprocal  decomposition  of  the  compounds  mixed  toge- 
ther, it  might  be  expected  to  make  its  appearance.  When  the 
cyanide  of  mercury  is  treated  with  potash  in  solution,  the  insoluble 
oxide  does  not  precipitate ;  and  when  mixed  with  nitrate  of  silver 
it  produces  none  of  the  insoluble  cyanide  of  that  metal. 

The  first  of  these  apparent  anomalies  depends  perhaps  on  the 
formation  of  the  well-known  oxycyanide  of  mercury,  which  is  a 
ternary  compound  soluble  in  water.  The  annexed  formula  repre- 
sents this  decomposition: — 

2HgCy  +  KO  =  Hg^CyO  +  KCy 
though  such  a  mixture  may  contain,  I  apprehend,  simultaneously 
all  the  four  substances,  besides  the  double  cyanide  of  mercury  and 
potassium. 

As  to  the  second  anomaly,  cyanide  of  mercury  forms  a  soluble 
crystalline  double  salt  with  nitrate  of  silver,  which  has  been 
analysed  by  Wohler,*  who  assigns  to  it  the  compositition 
AgO,  NO5,  2HgCy,  4H0.  But  were  we  to  overlook  this,  the 
decomposition  might  be  supposed  to  take  place  thus : — 

3(HgCy)  +  3(AgO,  NO,)  =  HgCy,.HgO,  NO^  +  2Ag  Cy, 
AgO,  NO5  +  HgO,  NO, 

all  of  which,  beside  the  original  salts,  are  soluble  in  water. 

Boracic  Acid. — The  objections  most  frequently  urged  are  founded 
on  the  behaviour  of  boracic  acid.  It  is  contended  that  this  acid 
has  no  power  to  decompose  sulphate  of  potash,  and  that  borax  is 
completely  decomposed  by  an  equivalent  of  sulphuric  acid.  I  have 
already  shown  f  that  the  non-alteration  in  colour  of  litmus  does 
not  prove  this,  but  I  have  in  vain  sought  for  some  property  which 
would  enable  us  to  decide  what  actually  does  take  place  in  the 
above-mentioned  mixtures.     Indications,  however,  have  been  ob- 

*  Fogg.  Aun.  i.  231.  '  t  Phil-  Trans.  1855,  220. 
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tamed  where  boracic  acid  was  mixed  with  another  sulphate,  and 
also  where  it  was  mixed  with  another  potash  salt ;  and  in  each  of 
these  cases  it  was  found  capable  of  effecting  some  decomposition. 

The  borate  of  quinine  in  solution,  like  the  hydrochlorate,  is  non- 
fluorescent,  or  nearly  so.  If  boracic  acid  be  added  to  a  neutral, 
and  consequently  non-fluorescent  solution  of  sulphate  of  quinine,  it 
immediately  exhibits  the  beautiful  surface  blue,  just  as  though  a 
drop  of  hydrochloric  acid  had  been  added,  and  doubtless  from  the 
same  cause — the  formation  of  some  bisulphate  through  the  abstrac- 
tion of  some  of  the  quinine  by  the  other  acid.*  The  addition  of  a 
very  large  quantity  of  boracic  acid  appeared  to  diminish  the 
colour,  and  consequently  to  indicate  the  decomposition  of  the 
bisulphate;  but  I  certainly  never  succeeded  in  destroying  the 
fluorescence,  as  is  easily  done  when  the  powerful  hydracids  are 
employed. 

Three  solutions  were  prepared — the  first  of  boracic  acid,  the 
second  of  pure  nitrate  of  potash,  the  third  of  a  mixture  of  the 
two ;  and  they  were  digested  for  some  time  with  metallic  copper, 
after  which  the  solutions  were  tested  with  ammonia  in  excess. 
The  first  showed  absolutely  no  blue,  the  second  only  a  faint  trace, 
while  in  the  third  the  blue  colour  was  very  decided.  From  this  it 
may  be  inferred  that  the  boracic  acid  had  displaced  some  of  the 
nitric  acid,  which  in  its  turn  had  attacked  the  copper.  The  quan- 
tity of  copper  dissolved  must,  however,  have  been  exceedingly 
small. 

It  has  also  been  objected  that  boracic  acid  occasions  no  precipi- 
tate in  a  solution  of  nitrate  of  lime,  although  borate  of  lime  is  an 
insoluble  salt.  Now  there  are  said  to  be  compounds  of  boracic 
acid  and  lime,  which  are  not  insoluble  in  water :  and,  moreover, 
the  production  of  borate  of  lime  from  the  nitrate  must  liberate  an 
equivalent  amount  of  nitric  acid,  which  of  course  will  exert  its 
own  solvent  power.  But  while  the  non-precipitation  of  a  borate 
is  evidently  inconclusive  as  to  what  really  happens  in  the  mixture, 
it  appeared  to  me  that  metallic  copper  would  also  in  this  case 
furnish  an  indication.  The  experiment  was  accordingly  tried  as 
with  the  potash  salt,  and  it  was  found  that  the  neutral  nitrate  of 
lime  had  no  action  on  copper,  while  the  mixture  of  nitrate  of  lime 
and  boracic  acid  produced  a  solution  which  was  rendered  blue  by 
ammonia,  and  during  the  digestion  a  gelatinous  substance  formed 
in  small  quantity  about  the  shreds  of  copper. 

*  Sec  Stokes's  paper,  Phil.  Tiaus.  1852,  542  ;   also,  1855,  210. 
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It  thus  appears  that  boracic  acid  is  able  to  displace  other  acids 
from  their  combinations,  though  but  to  a  slight  extent,  in  the  cases 
just  examined. 

REGULAR   PROGRESSIVE   CHARACTER    OF    THE   INFLUENCE    OF 

MASS. 

From  the  experiments  detailed  in  the  paper  already  referred  to, 
I  was  led  to  the  conclusion,  that — "  An  alteration  in  the  mass  of 
any  of  the  binary  compounds  present  alters  the  amount  of  every 
one  of  the  other  binary  compounds,  and  that  in  a  regular  pro- 
gressive ratio ;  sudden  transitions  only  occurring  where  a  substance 
is  present,  which  is  capable  of  combining  with  another  in  more 
than  one  proportion."  Yet  there  is  one  experiment  recorded  which 
appears  to  offer  an  exception,  and  to  indicate  changes  of  ratio  some- 
what similar  to  those  observed  by  Bun  sen  and  by  Debus,  in 
cases  where  the  resulting  compounds  were  not  capable  of  reacting. 
This  experiment  is  where  a  solution  of  oxalate  of  lime  in  hydro- 
chloric acid  was  precipitated  by  the  addition  of  acetate  of  potash 
or  soda.  The  table  drawn  out,  and  the  curves  projected  from  the 
experiments,  show  considerable  irregularities  ;  but  as  each  experi- 
ment consists  of  six  or  eight  separate  observations,  it  was  thought 
desirable  to  repeat  the  experiment,  taking  every  precaution  to  ensure 
the  observations  being  all  made  under  the  same  circumstances. 

Into  each  of  ten  glasses  were  poured  400  grain  measures  of  a 
solution  of  oxalate  of  lime  in  hydrochloric  acid.  Different  amounts 
of  a  solution  of  acetate  of  potash  were  mixed  thoroughly  with  these, 
and  the  solutions  were  made  up  to  the  same  bulk  by  the  addition 
of  water.  After  standing  twenty-four  hours,  the  resulting  pre- 
cipitates were  washed  the  same  number  of  times  by  suffusion  and 
decantation  ;  they  were  then  boiled  with  pure  water,  and  collected. 


Oxalate  of  lime  ia 
hydrochloric  acid. 

400  gr.  meas. 

Acetate  of  potash 
added. 

50  gr.  meas. 

Oxalate  of  lime 
precipitated. 

0-015  grm. 

400 

100 

0-049 

400 

150 

0-102 

400 

200 

0-136 

400 

250 

0-193 

400 

300 

0-278 

400 

350 

0-336 

400 

400 

0-350 

400 

500 

0-354 

400 

600 

0-354 

156      DR.  J.  H.  GLADSTONE   ON   THE   DECOMPOSITION   OF   SALTS. 


On  the  addition  of  potash  to  the  filtrate  from  the  last  experiment  of 
this  series,  a  slight  turbidity  was  produced,  from  the  separation  of 
oxalate  of  lime,  showing  that  the  whole  of  the  hydrochloric  acid 
had  not  even  in  that  case  been  converted  into  chloride  of  potassium. 
From  the  table  it  will  be  seen  that  a  larger  addition  of  acetate 
of  potash  caused  a  larger  deposit  of  oxalate  of  lime,  and  that  in  a 
ratio  which,  though  somewhat  remarkable,  was  tolerably  regular 
in  its  character.  As  it  may  be  interesting  to  know  the  propor- 
tionate equivalents  of  the  substances  in  each  experiment,  they  are 
given  in  the  annexed  table.  The  initial  400  grain  measures  of 
acid  solution  contained  0*375  grm.  of  oxalate  of  lime,  dissolved  in 
2-26  grms.  of  hydrocliloric  acid,  nearly  the  proportion  of  1  equiv. 
to  12 ;  and  each  100  grain  measures  of  the  acetate  of  potash  solu- 
tion contained  1*80  grm.  of  the  anhydrous  salt. 


Oxalate 

Acetate 

Oxalate  of 

of 

Hydrochloric 

of 

lime 

lime. 

acid. 

potash. 

deposited. 

1  equiv. 

12 

equiv. 

1-75 

equiv. 

0-04  equiv 

^        a 

12 

)> 

3-5 

)) 

0-12     „ 

^         )) 

12 

»} 

5-25 

)i 

0-27     „ 

^        >i 

12 

i> 

7- 

}i 

0-36     „ 

'■        » 

12 

)> 

8-75 

») 

0-51     „ 

^        » 

12 

a 

10-5 

)) 

0-74     „ 

" 

12 

a 

12-25 

» 

0-90     „ 

*■        )} 

12 

i> 

14- 

» 

0-93     „ 

^        >> 

12 

» 

17-5 

>} 

0-95     „ 

^        » 

12 

i) 

21- 

» 

0-95     „ 

The  examination  of  these  new  substances,  and  of  those  reactions 
which  appeared  to  be  exceptional,  tends  therefore  only  to  confirm 
the  former  conclusions.  I  propose  to  investigate,  as  they  arise, 
any  further  objections  founded  on  experiment. 


REPORT     OP     TnE     COUNCIL 

OF   THE 

CHEMICAL    SOCIETY, 

MAECH  31,  1856. 


The  Council  are  glad  to  be  able  to  congratulate  the  Society  again 
upon  its  steady  prosperity,  as  will  appear  from  the  following  state- 
ment of  the  number  of  Fellows,  and  of  the  Accounts  as  reported 
by  the  Treasurer. 

The  total  number  of  Fellows  is        ,         .         .  256 
Deaths  and  resignations  since  the  last  Anni- 
versary Meeting      .         .         .         „         .  6 
Fellows  admitted  since  last  Anniversary .         .  9 
Increase         .......  3 

Fellows  deceased : — 

Professor  J.  F.  W.  Johnston,  M.A.,  F.R.S.,  Durham. 
Professor  J.  E.  Bowman,  King's  College,  London. 
Mr.  W.  Richardson,  Denmark-hill. 

James  F.  W.  Johnston  was  born  at  Paisley  in  the  year  1796. 
Part  of  his  early  childhood  was  spent  in  Manchester,  whither  his 
father  for  a  time  removed,  but  afterwards  settled  with  his  family 
at  Kilmarnock.  Young  Johnston  was  at  early  age  thrown  upon 
his  own  resources,  and,  during  the  time  that  he  was  studying  in 
the  University  of  Glasgow,  supported  himself  for  some  years  by 
private  tuition.  In  1825,  he  took  the  charge  of  a  proprietary 
school  in  Durham,  and  in  the  year  1830,  married  one  of  the 
daughters  of  Mr.  Ridley,  of  Park  End.  Being  now  possessed  of 
a  competence  which  enabled  him  to  follow  his  scientific  tastes,  he 
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shortly   afterwards    proceeded   to    Stockholm,  with   the   view  of 
studying  chemistry  in  the  laboratory  ofBerzelius. 

In  the  year  1833,  the  University  of  Durham  was  opened,  and 
the  Readership  of  Chemistry  and  Mineralogy  was  conferred  upon 
Mr.  Johnston.  He  continued  to  hold  this  office  during  the 
remainder  of  his  life ;  but  for  many  years,  excepting  during  term 
time,  he  resided  in  the  neighbourhood  of  Edinburgh. 

In  1843,  he  was  appointed  chemist  to  the  Agricultural  Society  of 
Scotland.  When  that  Society  was  dissolved,  he  left  Edinburgh, 
and  took  up  his  abode  at  Durham,  and  it  was  here  that  he  expired, 
on  the  loth  September,  1855,  in  the  59th  year  of  his  age. 

Professor  Johnston  published  several  memoirs  upon  different 
purely  chemical  subjects.  Amongst  the  best  known  of  these,  is  his 
paper  upon  Paracyanogen  ;  one  upon  the  Vanadiate  of  Lead ;  on  a 
particular  Hydrate  of  Sulphate  of  Lime  ;  and  besides  these  he  pub- 
lished several  other  Mineralogical  and  Geological  papers.  The 
"Philosophical  Transactions"  for  1839-40,  contain  an  elaborate 
series  of  researches  by  Professor  Johnston  on  the  resins.  He 
also  communicated  to  this  Society,  in  1842,  a  short  paper  upon  the 
peculiar  sugar  contained  in  the  manna  of  the  Eucalyptus,  which 
has  since  been  more  fully  studied  by  Berthelot. 

Professor  Johnston  took  a  warm  interest  in  the  earlier  pro- 
ceedings of  the  British  Association,  and  contributed  some  valuable 
reports  to  its  Transactions,  particularly  one  upon  the  present  state 
of  chemistry,  which  appeared  in  the  volume  for  the  year  1832. 

But  it  was  as  a  clear  expositor  of  Science  that  he  was  particularly 
distinguished.  His  most  attractive  work,  and  the  one  best  known 
to  the  general  reader,  is  that  on  the  "  Chemistry  of  Common  Life," 
which  exhibits  his  peculiar  facility  of  imparting  scientific  truth, 
often  of  an  abstruse  kind,  in  a  form  acceptable  to  the  non-scientific 
reader.  It  displays  the  extensive  reading  of  the  author,  and  the 
discriminative  skill  which  characterized  him,  in  no  ordinary  degree, 
in  the  choice  and  arrangement  of  his  materials. 

The  most  important  works  published  by  Professor  Johnston 
are  those  which  relate  to  Agricultural  Chemistry.  His  lectures  on 
Agricultural  Chemistry  and  Geology  contain  a  fund  of  sound  and 
carefully  digested  information  upon  the  subjects  to  which  they 
relate,  and  the  work  constitutes  the  most  complete  systematic 
treatise  upon  those  subjects,  that  has  yet  appeared.  This  work 
has  passed  through  several  editions ;  but  one  of  his  smaller  works 
upon  the  same  subject,  the  "  Catechism"  of  Agricultural  Chemistry, 
has  attained  a  degree  of  popularity,  which,  for  a  scientific  work,  is 
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probably  unexampled  ;  it  has  passed  through  thirty-three  editions 
in  this  country,  independent  of  numerous  large  editions  in  America, 
and  it  has  been  translated  into  various  European  languages. 

Professor  Johnston  travelled  widely  both  upon  the  Continent 
of  Europe,  and  in  America.  He  has  left  an  agreeable  account  of 
part  of  his  transatlantic  experience,  in  his  "  Notes  on  North 
America."  And  he  had  just  returned  from  an  extensive  journey 
in  Central  Europe,  which  he  had  undertaken,  in  connection  with 
some  geological  inquiries  in  which  he  was  engaged,  when  he  was 
seized  with  a  pulmonary  attack,  which  terminated  his  life  in  a 
few  days  after  his  arrival  at  his  own  residence  at  Durham. 
Professor  Johnston  was  one  of  the  original  members  of  the 
Chemical  Society. 

Mr.  John  Eddowes  Bowman  was  also  one  of  the  original 
members  of  this  Society.  After  a  period  of  study  in  the  laboratory 
of  the  late  Professor  Daniell,  of  King's  College,  he  settled  for  a 
while  at  Manchester,  where  he  availed  himself  of  the  facilities 
afforded  him  for  becoming  familiar  with  many  important  branches 
of  manufacturing  chemistry. 

In  the  year  1845,  he  removed  to  London  on  the  occasion  of  his 
appointment  as  Demonstrator  of  Chemistry  in  King's  College,  and 
on  the  creation  of  the  Chair  of  Practical  Chemistry  in  that  Institu- 
tion in  1851,  he  was  selected  as  its  first  occupant.  In  the  year 
1846,  Mr.  Bowman  contributed  to  the  Transactions  of  the  Society 
a  paper  on  Tribasic  Boracic  Ether,  but  the  feeble  state  of  his 
health  during  the  latter  years  of  his  life  precluded  him  from  active 
exertion  in  the  laboratory.  He  is  well  known,  however,  as  the 
author  of  two  useful  manuals,  one  on  Practical  Chemistry,  the 
other  on  Medical  Chemistry ;  each  of  which  has  gone  through  two 
or  three  editions.  Mr.  Bowman  possessed  the  art  of  interesting 
his  pupils  strongly  in  the  subject  which  they  were  studying,  and 
from  the  clearness  and  facility  with  which  he  imparted  information 
was  highly  popular  witli  his  class. 

During  the  last  three  years  of  his  life,  Mr.  Bowman  withdrew 
almost  entirely  from  general  society.  The  strength  and  excellence 
of  his  character  was,  therefore,  comparatively  little  known ;  but  the 
few  who  shared  his  intimacy  feel  that  with  him  they  have  been 
parted  from  a  Christian  friend,  whose  loss  will  not  be  easily 
replaced.  Early  in  the  month  of  February  of  the  present  year, 
he  was  attacked  with  ^influenza,  which  speedily  reduced  his  already 
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enfeebled  frame^  and  he  expired  on  the   10th  of  February,  in  the 
36th  year  of  his  age. 

The  following  is  a  List  of  the  Papers  read  before  the  Chemical 
Society  between  March  30,  1855,  and  March  31,  1856  :— 

"  On  the  Composition  of  the  Waters  of  the  Metropolis  during 
the  Autumn  of  1854 :"  by  Dr.  R.  D.  Thomson. 

"On  Platinised  Charcoal:"  by  Dr.  J.  Stenhouse. 

"  On  the  Preparation  of  Strontium  and  Magnesium :"  by  Dr. 
Matthiessen. 

"On  the  Preparation  of  Lithium:"  by  Professor  Bunsen. 

"  On  the  Colour  of  Chloride  of  Copper  in  different  States  of 
Hydration:"  by  Dr.  J.  H.  Gladstone. 

"  On  the  Proximate  Constitution  of  Chemical  Compounds :"  by 
J.  J.  Griffin. 

"A  Few  Notes  on  Barium:"  by  Dr.  Matthiessen. 

"  On  the  Hydro-Electrical  Currents  Generated  by  Couples 
Formed  of  Single  Metals:"  by  Richard  Adie. 

"  On  the  Volatile  Oil  of  Ptychotis  Ajowan:''  by  R.  Haines. 

"  On  the  Action  of  Light  upon  Chloride  of  Silver :"  by 
F.  Guthrie. 

"  On  Azobenzole  and  Benzidine  :"  by  Alfred  Noble. 

"On  Insolinic  Acid:"  by  Dr.  A.  W.  Hofmann. 

"  Contributions  to  the  History  of  Nitric  Acid,  with  especial 
reference  to  the  Valuation' of  Nitre:"  by  F.  A.  Abel  and  C.  L. 
Bloxam. 

"  On  the  Solubility  of  Sulphate  of  Baryta  in  Hydrochloric  Acid:" 
by  Dr.  Noad. 

"On  a  New  Class  of  Alcohols  :"  by  Dr.  A.  W.  Hofmann. 

"  On  the  Source  of  the  Water  of  the  Deep  Wells  in  the  Chalk 
under  London  :"  by  Dugald  Campbell. 

"  On  the  Action  of  Chloride  of  Cyanogen  on  Naphthalamine :" 
by  William  H.  Perkin. 

"  On  some  new  Colouring  Matters,  Derivatives  of  Dinitro- 
benzol,  Dinitronaphthaline,  &c.  &c. :"  by  A.  Church  and  W.  H. 
Perkin. 

The  following  Discourses  have  been  delivered  during  the  same 
period : — 

"  On  the  Maintenance  of  a  Permanent  Balance  between  the 
Animal  and  Vegetable  Kingdoms,  in  a  Medium  of  Fresh  or  S^ea- 
water:"  by  R.  Warington. 
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"  On  certain  Processes  recently  proposed  for  the  Decomposition 
of  Fats  by  Water  at  High  Temperatures :"  by  Dr.  A.  W. 
Williamson. 

"  On  the  Chemical  Statistics  of  the  Animal  Body :"  by  Dr, 
J.  H.  Gilbert. 

"On  the  Explosion  at  Gateshead  in  October  1854:"  by  Dr. 
G.  D-  Longstaff. 

"  On  some  points  in  the  Practice  of  the  Assay  of  Gold  and 
Silver:"  by  Dr.  W.  A.  Miller. 

"On  some  new  Bases  containing  Phosphorus :"  by  Dr.  A.  W. 
Hofmann. 

"  On  some  Laws  of  Chemical  Combination :"  by  Dr.  J.  H. 
Gladstone. 
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PROCEEDINGS 


MEETINGS  OE  THE  CHEMICAL  SOCIETY. 


April  7,  1856. 

Dr.  W.  A.  Miller,  President,  in  the  Chair. 

The  following  donations  were  announced: — 

"  The  American  Journal  of  Science  and  Art :"  from  the  Editors. 
*'  The  Journal  of  the  Franklin  Institute:"  from  the  Institute. 
*'  The  Proceedings  of  the  Royal  Society:"  from  the  Society. 
**  The  Pharmaceutical  Journal :"  from  the  Editor. 
**  The  Journal  of  the  Society  of  Arts  :"  from  the  Society. 
"  The  Jom'nal  of  the  Photographic  Society :"  from  the  Society. 
"  The  Literary  Gazette  :"  from  the  Publishers. 
"  On  the  Constitution  and  Properties  of  Ozone :"    by  Thomas 
Andrews,  M.D.     From  the  Author. 

The  following  gentlemen  were  elected  Fellows  of  the  Society  : — 

Thomas  J.  Smith,  Esq.,  Whitefriargate-street,  Hull; 

George  Jolly,  Esq.,  13,  Curzon-street,  May  Fair; 

Henry  Matthew  Witt,  Esq.,  Museum  of  Practical  Geology, 

Jermyn-street ; 
Thomas  J.  Dyke  Acland,  Esq.,  Sprydoncote,  near  Exeter. 

The  following  papers  were  read : — 

**  Contributions  to  the  History  of  Nitric  Acid,  with  especial 
reference  to  the  Valuation  of  Nitre  (second  paper) :"  by  F.  A. 
Abel  and  0.  L.  Bloxam. 

*'  On  New  Methods  for  the  Estimation  of  Minute  Quantities  of 
Nitric  Acid  and  Ammonia  :"  by  J.  Thomas^Way. 
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April  21,  1856. 
Dr.  J.  H.  Gilbert  in  the  Chair. 

Thomas  J.  Smith,  Esq.,   and   A.  H.  Church,  Esq.,   were 
admitted  Fellows  of  the  Society. 

The  following  donations  were  announced  : — 

"  The  Journal  of  the  Society  of  Arts  :"  from  the  Society. 

'''  The  Journal  of  the  Photographic  Society  :"  from  the  Society. 

"  The  Literary  Gazette :"  from  the  Publishers. 

James  Allan,  M.A.,  Ph.D.,  of  52,  Hanover-street,  Shefl&eld, 
was  elected  a  Fellow  of  the  Society. 

Professor  Abel  delivered  a  discourse  *'  On   Chemistry  as  ap- 
plied to  the  Manufacturing  Branches  of  the  War  Department." 


May  5,  1856. 
Dr.  W.  A.  Miller,  President,  in  the  Chair. 

The  following  donations  were  announced  : — 

"  The  Literary  Gazette  :"  from  the  Publishers. 

"  The  Journal  of  the  Society  of  Arts :"  from  the  Society. 

"  The  Pharmaceutical  Journal :"  from  the  Editor. 

"  The  Journal  of  the  Franklin  Institute  :"  from  the  Institute. 

Alexander  Harvey,  Esq.,  of  Glasgow,  w^as  elected  a  Fellow 
of  the  Society. 

Dr.  "Warren  De  la  Rue  made  a  verbal  communication  upon 
"  Some  Properties  of  the  Metals  of  the  Alkalies." 

The  following  papers  were  read  : — 

"  Note  on  a  New  Method  of  INIaking  Ferricyanide  of  Potassium, 
and  a  Paracyanogen  Compound:"  by  Lyon  PI  ay  fair,  C.B., 
Ph.D.,  F.R.S. 

"  On  the  Sulphovinates,  and  on  Amylophosphoric  Acid  and  the 
Amylophosphates  :"  by  Frederick  Guthrie,  Ph.D. 


PROCEEDINGS    OF    THE    CHEMICAL    SOCIETY.  165 

May   19,   1856. 
Dr.  Warren  De  la  Rue,  Vice-President,  in  the  Chair. 

The  following  donations  were  announced  : — 

"  The  Literary  Gazette  :"  from  the  Publishers. 

"  The  Journal  of  the  Society  of  Arts :"  from  the  Society. 

"  The  Proceedings  of  the  Royal  Society  :"  from  the  Society. 

Samuel  Clift,  Esq.,  of  Manchester,  was  elected  a  Fellow  of 
the  Society. 

Mr.  Alfred  Harnett  and  Mr.  John  Attfield  were  elected 
Associates  of  the  Society. 

Dr.  W.  Odling  made  a  verbal  communication  upon  the  "  Dis- 
tribution and  General  Characters  of  the  Bibasic  Organic  Acids." 

Professor  Abel  remarked  upon  some  "Circumstances  connected 
with  the  origin  of  the  late  Explosions  at  Woolwich  Arsenal." 

"Mr.  H.  M.  Witt  described  some  "  Experiments  showing  the 
power  of  Filtering  Media  to  remove  the  Dissolved  Constituents 
of  River  Water." 


June  2,  1856. 
Dr.  W.  A.  Miller,  President,  in  the  Chair. 

The  following  donations  were  announced  : — 

"  The  Literary  Gazette  :"  from  the  Publishers. 

"  The  Journal  of  the  Society  of  Arts :"  from  the  Society. 

*'  The  Journal  of  the  Photographic  Society  :"  from  the  Society. 

"The  Proceedings  of  the  Royal  Society:"  from  the  Society. 

"  The  Pharmaceutical  Journal :"  from  the  Editor. 

The  following  gentlemen  were  elected  Fellows  of  the  Society  : — 

William  Kay,  B.A.,  Stonyhurst,  Whally,  Lancashire  ; 
John  Hamilton  Clements,  Esq.,  4,  Union-court,  Old  Broad- 
street. 

The  following  papers  were  read:  — 

"OnLophine:"  by  A.  Gossmann  and  E.  Atkinson. 

"^  On  the  Temperature  of  the  Opposite  Sides  of  a  Bismuth  Joint 
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while  traversed  by  a  Hjdro-electrical  Current:"  by  Richard 
Adie. — The  author's  experiments  seem  to  show  that  the  side  of  a 
medium  at  which  electricity  enters,  is  of  a  higher  temperature  than 
the  side  at  which  the  electricity  quits  the  medium.  The  differences 
observed  were,  however,  very  slight,  seldom  exceeding  half  a 
degi'ee  Fahrenheit. 

"  On  the  Analysis  of  a  Meteoric  Stone  from  the  Desert  of 
Atacama:"  by  Frederick  Field. 

"  On  the  Decomposition  by  Heat  of  Native  Oxichloride  of  Copper 
or  Atacamite  :"  by  Frederick  Field. 


June  18,  1856. 
Dr.  W.  A.  IMiLLER,  President,  in  the  Chair. 

Tlie  following  donations  were  announced  : — 

*'  The  Quarterly  Journal  of  the  Geological  Society :"  from  the 

•  Society. 
*'  The  Journal  of  the  Franklin  Institute  :"  from  the  Institute. 
*'  The  Literary  Gazette :"  from  the  Publishers. 
"  The  Jouraal  of  the  Society  of  Arts :"  from  the  Society. 
"On  Electric  Induction:"    by  Professor   Faraday  and   Dr. 
Kiess. 

Tlie  following  pamphlets  and  publications  were  presented  by  the 
Academy  of  Sciences  at  Miinich : — 

"  Denkrede  auf  Dr.  Siber  und  Dr.  Ohm,  bei  Dr.  Lamont." 

"ZweiReden:  von  F.  Thiersch." 

**  Ein  Catalog  der  VerofFentlichungen,  Reden  und  Verhandlungen 

der  kaiserlichen  Akademie." 
"  Verhandlungen  der  mathematisch-physicalischen  Klasse." 
*'  Gliederung  der  Bevolkerung  Baierns:  von  Dr.  Hermann." 
"  Almanack  der  kaiserlichen  Akademie  der  Wissenschaften." 
*'  Ursache  der  spontanen Blauung  einiger  Pilze:  von  Schonbein, 

vom  Verfasser." 

Messrs.  Piria,   Schrotter,    Strecker,  and  Wurtz,  were 
elected  Foreign  Members  of  the  Society. 

August  D  u  p  r  c ,  Ph. D.,  of  Deptford,  -was  elected  an  Associate 
of  the  Society. 
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Tlie  following  papers  were  read  :  — 

"On  Cadmium-Ethyle :"  by  J.  A.  Wanklyn. 

" Description  of  a  Self-acting  Washing-Bottle:"  by  William 
Stephens  Clark. 

"  On  a  Coal-gas  Carbon  and  Nitric  Acid  Voltaic  Battery :"  by 
James  L.  and  L.  Wheeler. 

*'  On  the  Analysis  of  the  Iron  used  in  English  and  Foreign 
Ordnance:"  by  F.  A.  Abel. 
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NOTICES 

OF 

PAPERS    CONTAINED    IN    OTHER    JOURNALS. 

BY   HENEY   WATTS,   B.A.,  F.C.S. 


On  tlic  Constitution  and  Properties  of  Ozone.* 
By  Thomas    Andrews,   M.D.,   F.R.S.,   M.R.I.A. 

Among  the  many  interesting  bodies  which  the  researches  of 
modern  chemists  have  brought  to  light,  few  are  more  remark- 
able than  the  substance  to  which  the  name  of  Ozone  has  been 
given,  whether  we  consider  its  many  singular  and  anomalous 
properties,  or  its  intimate  relations  with  the  most  important  and 
widely-diffused  element  in  nature.  For  the  first  recognition  of 
ozone  and  description  of  its  properties,  we  are  indebted  to  the 
sagacity  of  vSchonbein,  to  whom  the  entire  merit  of  the  discovery 
unquestionably  belongs.  His  earlier  experiments  were,  however, 
chiefly  directed  to  the  elucidation  of  its  properties,  and  of  the 
conditions  under  which  it  is  formed ;  but  not  being  accompanied 
by  quantitative  determinations,  they  did  not  throw  any  clear  light 
on  its  actual  constitution.  The  subject  has  also  attracted  of  late 
years  the  attention  of  several  very  distinguished  physical  and 
chemical  inquirers,  am.ong  whom  I  may  particularly  mention 
Marignac,  De  la  Rive,  Berzelius,  Williamson,  Fremy 
and  Becquerel,  and  Baumert. 

Schunbein  has  shown  that  a  body  having  a  peculiar  and 
highly  characteristic  odour  and  very  similar  properties  is  formed 
under  the  three  following  conditions : — 

1.  When  electrical  sparks  are  passed  through  atmospheric  air. 

2.  When  pure  water,  or  water  holding  certain  acids  or  salts  in 
solution,  is  decomposed  by  the  voltaic  current,  the  new  substance 
appearing,  along  with  the  oxygen  gas,  at  the  positive  pole. 

3.  When  certain  bodies,  and  particularly  phosphorus,  are  slowly 
tjxidised  at  common  temperatures  in  atmospheric  air. 

Two  distinct  questions  here  arise  for  consideration.     Is  the  same 

*  Phi).  Trans.  1856,  i.  3. 
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substance  produced  under  these  different  conditions,  or  has 
Schonbein  inckided  under  the  name  of  ozone  substances  having 
different  compositions,  although  agreeing  in  some  of  their  pro- 
perties ?  And  next,  what  is  the  composition  of  ozone  ;  or,  if  there 
be  more  ozones  than  one,  how  are  they  respectively  constituted  ? 

The  experiments  of  Williamson*  indicated  the  production  of 
water,  when  ozone  obtained  by  electrolysis  was  decomposed  by 
being  passed  over  heated  copper;  and  Baumertf  obtained  similar 
results  when  he  passed  a  stream  of  electrolytic  oxygen  through  a 
tube  containing  anhydrous  phosphoric  acid,  which  was  heated  at 
one  point  to  redness.  These  experiments  were  not,  however, 
adapted  to  yield  quantitative  results,  but  they  led  to  the  general 
conclusion  that  this  variety  of  ozone  is  an  oxide  of  hydrogen 
containing  more  oxygen  than  water.  But  from  another  and  very 
important  experiment,  to  which  I  shall  have  occasion  hereafter 
very  fully  to  refer,  Baumert  has  concluded  that  it  is  a  teroxide 
of  hydrogen,  HO3. 

On  the  other  hand,  the  experiments  of  De  la  Rive  and  of 
Fremy  and  Becquerel|  have  shown  that  pure  and  dry  oxygen 
gas  may  be  converted  by  the  electrical  spark  into  ozone. 

I  am  not  aware  of  any  experiments  on  ozone  obtained  by  the 
action  of  phosphorus  on  atmospheric  air,  which  throw  any  distinct 
light  on  its  constitution.  Marignac  passed  a  stream  of  this 
ozonised  air  through  a  solution  of  iodide  of  potassium,  till  the 
whole  of  the  iodide  w^as  converted  into  iodate  of  potassa,  and 
concluded  that  ozone  produced  in  this  way  must  be  either  oxygen 
in  a  peculiar  state,  or  a  peroxide  of  hydrogen. 

According  to  the  results,  therefore,  of  the  most  recent  investiga- 
tions, it  would  appear — 

That  the  substances  comprehended  under  the  name  of  ozone  are 
not  identical ; 

That  the  ozone  obtained  by  the  action  of  the  electrical  spark  on 
oxygen  gas  is  oxygen  itself  in  an  altered  or  allotropic  state ; 

That  the  ozone  obtained  by  the  electrolytic  decomposition  of 
water  is  an  oxide  of  hydrogen,  having  the  formula  HO3 ;  and 

That  the  ozone  obtained  by  the  action  of  phosphorus  on  oxygen 
is  either  oxygen  itself,  or  a  compound  of  oxygen  and  hydrogen. § 

The  subject  of  ozone  has  at  intervals  engaged  my  attention 
during  the  last  four  or  five  years,  and  I  was  actually  occupied 
with  a  series  of  experiments  on  the  production  of  ozone  by  the 
electrical  spark,  when  the  appearance  of  Fremy  and  Becquerel's 

*  Memoirs  of  Chemical  Society,  ii.  395. 
t  Pogg.  Ann.  Ixxxix.  39. 
X  Ann,  Ch.  Phys.  [3]  xxxv.  62. 

§  For  a  very  complete  account  of  all  that  is  known  on  this  subject,  see  the  article 
"Ozon"  in  the  "Handworterbuch  der  Chemie,"  v.  835  (Braunschweig,  1853). 
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able  researches  Induced  me  for  the  moment  to  lay  aside  the  inquiry. 
The  publication  of  Baumert's  memoir  led  me  subsequently  to 
resume  it,  as  his  results  were  not  in  accordance  with  those  which  I 
had  previously  arrived  at.  But  the  method  proposed  by  that 
physicist  to  determine  whether  ozone  is  an  oxide  of  hydrogen,  or 
oxygen  in  an  allotropic  condition,  appeared  to  be  so  well  suited  to 
the  purpose,  that  on  resuming  the  inquiry  I  considered  it  neces- 
sary, in  the  first  instance,  carefully  to  repeat  his  experiments.  The 
results  which  I  at  first  obtained  were  so  far  in  accordance  with 
those  of  Baumert,  that  they  showed  that  the  increase  in  weight 
of  the  apparatus  was  always  more  than  the  weight  of  the  ozone, 
as  deduced  from  its  chemical  action,  but  the  relative  proportion  of 
these  quantities  was  not  in  accordance  with  his  results ;  nor,  on 
repeating  my  own  experiments,  did  they  agree  with  one  another. 
It  was  evident,  therefore,  that  some  disturbing  cause  existed  which 
complicated  the  reaction,  and,  on  further  investigation,  I  not  only 
found  that  such  a  cause  did  really  exist,  but  succeeded  in  ascer- 
taining its  nature  and  the  means  of  avoiding  it.  The  experiments, 
on  being  now  repeated,  gave  results  very  consistent  with  one 
another,  and  altogether  at  variance  with  the  view  that  hydrogen  is 
a  constituent  of  ozone. 

The  apparatus  which  I  employed  was  arranged  as  follows: — 
A  is  a  vessel  (Plate  I.  Fig.  1)  of  about  two  litres  capacity,  con- 
taining a  mixture  of  one  measure  of  pure  and  strong  sulphuric 
acid  and  seven  measures  of  distilled  water.    The  cylinder  b,  which 

Fig.  1. 


is  filled  with  a  similar  solution,  is  closed  below  with  a  diaphragm 
of  bladder,  so  as  to  prevent  effectually  any  mixture  of  the  gases 
evolved  at  the  two  poles.  A  platina  wire,  j9p,  traverses  and  is  fused 
into  a  short  glass  tube,  fitted  by  grinding  into  the  tubulated  neck  h: 
this  wire  terminates  below  in  a  bunch  of  fine  platina  wires,  which 
form  the  positive  pole  of  a  voltaic  arrangement.  Tlie  negative 
pole  is  a  platina  plate,  p',  immersed  in  the  liquid  of  the  outer 
vessel.     The  vessel  A  was  placed  in  a  larger  vessel  containing  cold 
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water,  to  wliicli  ice  was  in  some  experiments  added.     This  vessel 
has  been  omitted  in  the  drawing  for  the  sake  of  distinctness.  CC'c'' 
is  a  continuous  tube,  united  by  fusion  with  the  larger  neck  of  B, 
and  filled  from  C'  to  c"  with  fragments  of  pumice,  moistened  with 
pure  sulphuric  acid.     The  length  of  the  desiccating  column  was 
nearly  one  metre.     D  is  a  Liebig's  apparatus,  to  the  ends  of 
which  glass  tubes  were  fused,  which  had  previously  been  fitted  by 
grinding,  the  one  into  the  neck  c  of  cc'c'',  the  other  into  a  tube 
which  w^as  in  hke  manner  fused  to  a  second  Liebig's  apparatus,  e. 
The  connections  c  and  e  were,  therefore,  formed  by  glass  surfaces 
carefully  ground.      In  my  earlier  experiments  these  connections 
were  made  by  means  of  small  and  dry  corks,  which,  on  the  whole, 
are  more  convenient  than  ground-glass  joints,  and  are  quite  unob- 
jectionable, as,  when  the  surface  is  small  and  the  cork  dry,  the 
amount  of  ozone  destroyed  by  contact  with    the  cork  is  wholly 
inappreciable.     Caoutchouc  connectors  of  any  kind  are  altogether 
inadmissible ;  they  are  attacked  with  such  energy  by  ozone,  even 
when  diluted  with  1000  times  its  volume  of  otlier  gases,  that  the 
tube  becomes  perforated  in  the  course  of  a  few  minutes.     The 
vessel  D  contained  a   solution  of   iodide    of  potassium  acidulated 
with  a  little    hydrochloric   acid,   and  the    vessel  E    concentrated 
sulphuric  acid.     The  U-tube  F,  filled  with  pumice  moistened  with 
sulphuric  acid,  prevented  any  moisture  from  passing  backwards 
into  E.     The  oxygen  evolved  was  collected  in  the  graduated  glass 
vessel  G,  inverted  over  water.     The  volume  of  the  oxygen  gas 
was  determined  only  for  the  purpose  of  ascertaining  its  relation  to 
the  ozone  produced. 

The  mixture  of  oxygen  and  ozone,  having  been  perfectly 
desiccated  in  its  passage  through  the  long  tube  cc'c'^,  enters  the 
vessel  D,  where  the  ozone  is  decomposed,  iodine  being  set  free  and 
caustic  potassa  formed,  which  latter,  combining  with  the  free 
hydrochloric  acid,  forms  chloride  of  potassium.  If  a  neutral  solu- 
tion of  iodide  of  potassium  is  employed,  the  reaction  is  more  com- 
plicated ;  for,  while  the  greater  part  of  the  iodine  is  set  free  as 
before,  and  dissolves  in  the  excess  of  iodide  of  potassium,  iodate  of 
potassa  and  caustic  potassa  are  at  the  same  time  formed.  Whether 
the  solution  be  taken  in  an  acid  or  neutral  state,  the  final  result  is 
in  this  respect  always  the  same,  that  the  active  oxygen  enters  into 
a  chemical  combination  in  the  vessel  D,  and  increases  the  weight  of 
the  liquid  contained  in  that  vessel. 

The  increase  in  weight  of  the  vessels  d  and  e  will  give  the  entire 
weight  of  the  ozone,  whether  that  body  be  allotropic  oxygen  or  an 
oxide  of  hydrogen.  On  the  former  supposition,  the  decomposition 
of  the  iodide  of  potassium  will  result  in  the  substitution  of  oxygen 
for  iodine,  both  remaining  in  D,  while  the  sulphui'ic  acid  in  E  will 
retain  the  moisture  which  would  otherwise  be  swept  away  by  the 
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current  of  dry  gas  ;  on  the  latter,  ozone  will  become  resolved  into 
water  and  oxygen,  both  of  which  will  be  retained  in  the  vessels  D 
and  E.  Now  by  determining  the  amount  of  free  iodine  in  the 
iodide  of  potassium  solution  at  the  end  of  the  experiment,  the 
amount  of  active  oxygen  by  which  it  has  been  displaced  may  be 
easily  calculated ;  and  on  comparing  this  wath  the  increase  in  weight 
of  the  vessels  D  and  E,  it  will  at  once  be  seen  whether  ozone  be  a 
peroxide  of  hydrogen  yielding  water  in  its  decomposition. 

Two  experiments  of  this  kind  were  performed  by  Baumert:  in 
the  first,  the  increase  in  weight  of  the  apparatus  amounted  to 
0*0133  grm.,  and  the  weight  of  the  oxygen,  as  calculated  from  the 
iodine  set  free,  to  0*0081  grm. ;  in  the  second,  the  same  quantities 
were  respectively  0-0149  grm.  and  0-00989  grm.  The  iodide  of 
potassium  was  employed  in  the  state  of  a  neutral  solution,  and  the 
iodate  of  potassa  was  subsequently  decomposed  by  the  addition  of 
a  little  hydrochloric  acid. 

It  was  from  these  results  that  Baumert  inferred  that  the  ozone 
which  accompanies  oxygen  obtained  by  the  electrolysis  of  water,  is 
an  oxide  of  hydrogen  having  the  formula  HOg ;  and  this  conclu- 
sion, deduced  from  experiments  which  were  devised  with  great 
skill  and  executed  with  care,  has,  in  Germany  at  least,  received 
very  general  assent. 

Having,  as  already  mentioned,  found,  on  a  repetition  of  these 
experiments,  that  a  different  expression  resulted  for  the  composition 
of  ozone  from  every  new  trial,  I  instituted  a  diligent  search  into 
all  the  circumstances  of  the  experiment,  and  at  last  succeeded  in 
referring  the  irregularities  to  the  presence  of  a  small  but  appre- 
ciable quantity  of  carbonic  acid,  wh'cli,  unless  very  great  precau- 
tions be  taken,  is  always  present  in  electrolytic  oxygen.  When 
baryta-w^ater  was  substituted  for  the  solution  of  iodide  of  potassium 
in  D,  a  precipitate  of  carbonate  of  baryta  appeared  in  the  course 
of  a  few  minutes.  With  caustic  potassa  in  the  same  vessel,  the 
increase  in  weight  for  the  same  volume  of  oxygen  gas  was  con- 
siderably greater  than  with  the  solution  of  iodide  of  potassium,  and 
at  the  end  of  the  experiment  it  was  found  that  carboilate  of  potassa 
had  been  formed.  Now  as  a  small  quantity  of  free  potassa  is 
always  produced  during  the  action  of  ozone  on  a  neutral  solution 
of  iodide  of  potassium,  it  appeared  not  improbable  that  this  would 
seize  upon  a  portion  of  the  carbonic  acid  just  referred  to,  and  thus 
the  augmentation  in  the  weight  of  the  apparatus  would  depend 
upon  two  distinct  causes, —  the  ozone  reaction,  and  the  absorption 
of  carbonic  acid.  To  prevent  the  occurrence  of  the  latter,  it 
was  only  necessary  to  acidulate  the  solution  of  iodide  of  potassium, 
so  as  to  prevent  the  formation  of  free  potassa,  or  to  boil  for  some 
time  the  liquid  subjected  to  electrolysis.  The  acidulation  of  the 
solution  alone  was  found  to  be  sufficient  to  prevent  the  carbonic 
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acid  from  being  absorbed :  for  when  this  precaution  was  attended 
to,  the  resuhs  were  the  same,  whether  the  electrolyte  was  boiled 
immediately  before  the  commencement  of  the  experiment  or  not. 
With  this  modification,  the  irregularities  previously  observed  in 
different  trials  disappeared,  and  the  simple  and  interesting  result 
was  obtained,  that  the  increase  in  weight  of  the  apparatus  was 
exactly  equal  to  the  amount  of  oxygen  deduced  by  calculation  from 
the  iodine  set  free. 

I  will  now  describe  the  chief  precautions  which  I  adopted  to 
avoid,  as  far  as  possible,  all  sources  of  error  in  the  following 
experiments,  the  delicacy  of  which  will  at  once  be  apparent,  if  we 
consider  that  not  more  than  40  milligrammes  of  ozone  are  contained, 
under  the  most  favourable  circumstances,  in  10  litres  of  electrolytic 
oxygen ;  and  that  it  was  necessary  to  have  the  arrangements  so 
perfect,  that  this  large  quantity  of  gas  (supposed  to  be  free  from 
ozone)  should  traverse  the  apparatus  without  producing  any  appre- 
ciable change  in  the  united  weight  of  the  vessels  D  and  e. 

The  solution  of  iodide  of  potassium  employed  in  all  the  experi- 
ments had  the  same  composition,  although  the  quantity  of  ozone 
obtained  in  some  cases  was  three  times  greater  than  in  others.  It 
consisted  of  2  grms.  of  iodide  of  potassium  dissolved  in  22^  grms. 
of  a  weak  solution  of  hydrochloric  acid,  containing  2  per  cent,  of 
pure  acid.  As  it  is  difficult  to  procure  iodide  of  potassium  entirely 
free  from  iodate  of  potassa,  I  always  prepared,  at  the  commence- 
ment of  each  experiment,  two  similar  solutions,  of  which  one  was 
introduced  into  D,  and  the  other  preserved  in  a  ground-stoppered 
vial,  till  the  experiment  was  finished.  The  amount  of  free  iodine 
in  both  was  determined  at  the  same  time,  and  the  difference  taken 
to  represent  the  exact  quantity  of  iodine  due  to  the  ozone  reaction. 
The  correction  for  the  iodate  of  potassa  in  the  original  solution, 
when  reduced,  rarely  represented  more  than  0*001  grm.  oxygen, 
but  quantities  of  this  magnitude  must  not  be  neglected  in  these 
experiments. 

Previous  to  weighing  the  vessels  D  and  E,  one  litre  of  atmo- 
spheric air,  deprived  of  carbonic  acid  and  carefully  desiccated,  was 
passed  through  the  apparatus.  The  object  of  this  precaution  was 
to  bring  every  part  of  the  apparatus  into  the  same  state,  at  the 
beginning  of  the  experiment,  in  which  it  would  be  at  the  end. 
The  same  volume  of  dry  air  was  passed  through  the  apparatus  at 
the  conclusion  of  each  experiment. 

It  is  rarely  necessary  in  chemical  investigations  to  apply  a 
correction  to  the  direct  indications  of  the  balance  for  changes  in 
the  temperature  and  pressure  of  the  atmosphere,  during  the  interval 
between  two  successive  weighings.  By  preserving  the  apartment 
at  a  pretty  uniform  temperature,  the  corrections  for  thermometric 
changes   may  be   confined  within   very  narrow  limits;    but  the 
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movements  of  the  barometer  are  not  under  our  control;  and  when, 
as  in  these  experiments,  a  period  of  two  and  sometimes  of  three 
days  elapsed  between  the  first  and  second  weighings,  it  occasionally 
happened  that  the  change  in  the  atmospheric  pressure  was  con- 
siderable, and  an  appreciable  error  (amounting  in  some  instances  to 
nearly  0*002  grm.)  would  have  occurred,  if  no  correction  had  been 
applied.* 

To  ascertain  how  far  the  action  of  the  apparatus  might  be  relied 
on,  one  or  two  preliminary  experiments  were  made,  which  gave 
very  satisfactory  results.  The  vessel  d,  containing  pure  water, — E, 
sulphuric  acid, — and  another  Lie  big's  condenser  also  containing 
sulphuric  acid,  having  been  interposed  between  e  and  F,  3*5  litres 
of  ox3''gen  gas  not  containing  ozone,  followed  by  1  litre  of  atmo- 
spheric air,  were  passed  through  the  apparatus.  The  time  occupied 
in  the  passage  of  the  gas  was  about  five  hours.  The  vessel  D 
lost  0*0311  grm.,  while  e  gained  0-0315  grm.,  the  third  vessel  not 
sustaining  any  appreciable  change  of  weight.  If,  therefore,  t>  and  E 
had  been  weighed  together,  the  change  of  weight  would  have 
been  only  0'0004  grm.  In  another  experiment,  in  which  a  solution 
of  strong  caustic  potassa  was  placed  in  d,  the  loss  of  D  was  0*0175 
grm.,  and  the  gain  of  E  0*0172  grm.,  the  difference  being  less  than 
one-third  of  a  milligramme.  Other  experiments  of  the  same  kind, 
with  different  solutions  in  D,  gave  similar  results.  It  is  evident, 
therefore,  that  at  the  rate  at  which  the  gas  traversed  the  apparatus, 
the  whole  of  the  moisture  carried  off  from  the  liquid  in  d  was 
retained  by  the  sulphviric  acid  in  e. 

To  determine  whether  a  notable  quantity  of  iodine  would  be 
carried  over  by  the  current  of  the  gas  from  d  to  e,  a  solution  of 
iodide  of  potassium  containing  a  large  quantity  of  free  iodine  was 
introduced  into  D,  and  a  solution  of  pure  iodide  of  potassium  into  e. 
After  passing  4  litres  of  air  through  the  apparatus,  e  was  found 
to  contain  0*0015  grm.  iodine.  This  is  equivalent  to  one-tenth 
of  a  milligramme  of  oxygen,  and,  from  the  large  excess  of  iodine 

*  This  con'cction  was  calculated  as  follows  : — To  the  volume  in  cubic  centimetres 
of  the  solution  of  iodide  of  potassium  in  r>,  and  of  sulphuric  acid  in  e,  was  added  the 
volume  of  the  glass  of  which  the  vessels  r>  and  e  were  formed.  From  this  was 
deducted  the  volume  of  the  weights  employed.  Let  v  be  the  difference  of  the  volumes 
so  found  in  cubic  centimetres;  p  andp',  the  atmospheric  pressures  in  English  inches 
at  the  first  and  second  weighings;  t  and  t',  the  coiTCsponding  temperatures  in  Centi- 
grade degrees;  x,  the  weight  in  grammes  of  a  volume  of  air  equal  to  v,  measured 
under  the  pressure  p,  and  at  the  temperature  t ;  x',  the  weight  of  the  same  volume  of 
air  at  p'  and  t'.  Then,  since  1  cub.  cent,  air  at  0°,  and  under  a  pressure  of  29*92 
inches,  weighs  0*00129  grm., 


x'—x  =  V 


/ ? ^^-   1 .   -P-  ]  .  0-00129. 

\1  +  000367 <'         29-92  1  +  000367  .t         29*92  / 


The  value  of  x'  —  x  is  to  be  added  to,  or  subtracted  from,  the  increase  of  weight,  as 
found  by  direct  experiment,  according  as  it  is  a  positive  or  negative  quantity. 
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in  the  first  solution,  must  be  a  greater  quantity  than  could  have 
been  carried  over  in  any  of  the  subsequent  experiments,  although 
in  some  of  them  larger  volumes  of  gas  were  passed  through  the 
apparatus. 

The  free  iodine  was  determined  according'  to  the  very  delicate 
method  first,  I  believe,  proposed  byBunsen.  A  dilute  solution  of 
sulphurous  acid  was  prepared,  and  its  strength  determined,  imme- 
diately before  analysing  the  Hquid  in  D,  by  ascertaining  how  many 
measures  of  it  were  required  to  destroy  a  known  weight  of  free 
iodine  in  a  solution  of  iodide  of  potassium.  A  corresponding 
experiment  was  made  with  the  solution  in  d,  from  which  the 
quantity  of  free  iodine  in  it  was  deduced  by  a  A^ery  simple 
calculation. 

I.  10*2  litres  of  electrolytic  oxygen  containing  ozone  were  passed 
through  the  apparatus  at  the  rate  of  about  three-quarters  of  a  litre 
per  hour.  At  the  first  weighing,  the  barometer  was  29*85  in.,  and 
the  thermometer  5°*9  0.  ;  at  the  second  weighing,  the  barometer 
was  29'98  in.,  and  the  thermometer  5°-3.  The  value  of  v  (see 
preceding  note)  was  47  cub.  cent.  The  gain  in  weight  of  the 
double  apparatus  d  and  e  was  0"0375  grm.,  which  gives,  when 
corrected  for  atmospheric  changes,  for  the  true  gain,  0'0379grm. 
The  free  iodine  in  the  solution  contained  in  d  was  neutralised  by 
112*7  measures  of  a  dilute  solution  of  sulphurous  acid.  The  other 
solution  of  iodide  of  potassium,  which  had  been  prepared  at  the 
same  time  as  the  first,  and  to  which  the  same  amount  of  acid  had 
been  added,  required  0*8  measure  of  the  same  solution  of  sul- 
phurous acid  for  neutralisation.  Hence  the  iodine  eliminated  by 
the  action  of  the  ozone  was  equivalent  to  111*9  measures.  Next, 
0*5341  grm.  pure  iodine  was  added,  together  with  2  grms.  of  iodide 
of  potassium,  to  a  few  drops  of  water,  and  when  both  were  dis- 
solved, the  solution  was  diluted  till  it  occupied  exactly  100  cub. 
cent.  From  the  mean  of  two  experiments  which  closely  agreed 
with  one  another,  it  appeared  that  100  measures  of  the  solution  of 
sulphurous  acid  neutralised  95*96  cub.  cent,  of  this  solution,  and 
hence  1  measure  of  the  former  corresponded  to  0*00512  grm.  iodine. 
From  these  data  it  follows,  by  an  easy  calculation,  that  the  iodine 
disengaged  by  the  ozone  amounted  to  0*609  grra.,  and  the  equiva- 
lent of  oxygen  to  0*0386  grm. 

II.  2*72  litres  of  electrojiytic  oxygen  were  passed  through  the 
apparatus  at  the  same  rate  as  before.  At  first  weighing,  barometer 
29*60  in.,  thermometer  5°*8  C.  ;  at  second  weighing,  barometer 
29*60  in.,  thermometer  6°*0  C.  Gain  of  weight  of  d  and  e 
0*0107  grm. ;  corrected,  0*0107  grm.  The  free  iodine  in  d,  after 
deducting  the  iodine  due  to  the  small  quantity  of  iodate  of  potassa 
in  the  original  solution,  was  neutralised  by  30*23  measures  of  a 
solution  of  sulphurous  acid,  of  which,  as  ascertained  by  direct  ex- 
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periment  made  at  the  time,  1  measure  neutralised  0*005 21  grm. 
free  iodine.  Hence  the  oxygen  due  to  the  displacement  of  iodine 
was  O'OlOOgrm. 

III.  2 '8 6  litres  of  the  same  gas  as  in  the  preceding  experiments 
were  passed  through  the  apparatus.  At  first  weighing,  barometer 
30-06  in.,  thermometer  6°-6  C. ;  at  second  weighing,  barometer 
30*20  in.,  thermometer  6°'l  C.  Gain  of  weight  of  d  and.  e 
0-0152  grm.;  corrected,  0-0154  grm.  The  free  iodine  in  d,  cor- 
rected as  before,  was  neutralised  by  4 1-52  measures  of  a  solution  of 
sulphurous  acid,  of  which  1  measure  neutralised  0-00525  grm. 
iodine  :  hence  the  weight  of  oxygen,  as  deduced  from  the  weight  of 
iodine  set  free,  was  0-0138  grm. 

IV.  6*45  litres  of  electrolytic  oxygen  were  passed  through  the 
apparatus.  At  first  weighing,  barometer  29*96  in.,  thermometer 
6°'8  C. ;  at  second  weighing,  barometer  29*29  in.,  thermometer 
7°-8  C.  Gain  of  weight  of  DandE  0*0303  grm.;  corrected,  0-0288  grm. 
The  free  iodine  in  D  was  neutralised  by  100*4  measures  of  a  solution 
of  sulphurous  acid,  of  which  1  measure  neutralised  0*00441  grm. 
iodine:  hence  the  weight  of  oxygen  deduced  in  this  way  was 
0*0281  grm. 

V.  6*8  litres  of  electrolytic  oxygen  passed.  At  first  weighing, 
barometer  30*53  in.,  thermometer  9°*8  C. ;  at  second  weighing, 
barometer  30*44  in.,  thermometer  10°*4  C.  Gain  of  weight  of  D 
and  E  0*0254  ;  corrected,  0*0251  grm.  The  free  iodine  in  d  neu- 
tralised 107*9  measures  of  a  solution  of  sulphurous  acid,  of  which 
1  measure  was  equivalent  to  0*00358  grm.  iodine  :  hence  the  weight 
of  oxygen  deduced  from  the  iodine  set  free  was  0*0273  grm. 

Collecting  these  results,  and  adding  them  together,  so  as  to  obtain 
the  mean  of  the  whole,  we  have 

Ozone  deduced  from  the  increase  Ozone  deduced  from 


in 

weight  of  the  apparatus. 

the  iodine  Uberated. 

I. 

0-0379  grm. 

0-0386  grm. 

II. 

0  0107  grm. 

0-0100  grm. 

III. 

0*0154  grm. 

0-0138  grm. 

IV. 

0-0288  grm. 

0*0281  grm. 

V. 

0*0251  grm. 

0*0273  grm. 

0*1179  grm. 

0-1178  grm. 

The  agreement  is  complete,  and  proves  unequivocally  that  water 
is  not  a  product  of  the  decomposition  of  ozone,  which  therefore 
does  not  contain  hydrogen  as  a  constituent.  If  its  composition 
were  HO3,  the  apparatus  would  have  increased  0*1841  grm.  in 
weight,  instead  of  0*1179  grm. 

The  amount  of  ozone  formed  in  these  experiments  was  tolerably 
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uniform.     For   1  litre  of  oxycjen  the  folio winiy  weights   of  ozone 

were  obtained :  — 

I. 

0-0038  grm. 

II. 

0-0037  grm. 

III. 

0-0046  grm. 

IV. 

0-0043  grm. 

V. 

0-0040  grm. 

Mean 

0-0041  grm. 

In  the  arrangement  above  described,  the  oxjgen  gas  derived 
from  the  electrolytic  decomposition  of  water  was  therefore  accom- 
panied by  about  -3-5-0-th  of  its  weight  of  ozone. 

In  order  to  remove  every  possible  doubt  from  these  results,  I 
fitted  up  an  apparatus  from  every  part  of  which  organic  substances 
were  excluded.  No  diaphragm  was  used,  and  all  the  connexions 
were  made  either  by  fusing  the  ends  of  the  connecting  tubes 
together,  or  by  means  of  ground-glass  joints.  The  arrangement  is 
represented  in  Fig.  2.  Two  platina  wires  (Fig.  3)  were  fused  into 
the  end  of  a  glass  tube,  which  was  fitted  by  grinding  to  the  tubu- 
lated neck  b  of  the  vessel  A.     The  tube  be'e"  was  connected  at  a 


Fig.  3. 


V 


with  the  vessel  a  by  a  ground  joint,  and  with  c  by  fusion.  It 
contained  pumice  moistened  Avith  sulphuric  acid.  The  vessel  C 
was  also  filled  with  sulphuric  acid,  and  was  connected  by  a 
ground  glass  joint  with  the  iodide  of  potassium  vessel  D.  The 
vessel  E  contained,  as  before,  sulphuric  acid.  In  this  experiment, 
both  the  hydrogen  and  the  oxygen  traversed  the  apparatus,  the 
accuracy  of  which  was  thus  exposed  to  a  very  severe  test. 

Twenty-two  litres  of  the  mixed  gases  were  passed  through  the 
apparatus.  The  gain  in  weight  of  d  and  e  was  0-0135  grm.,  the 
respective  heights  of  the  barometer  at  the  first  and  second  weigh- 
ings having  been  28-96  in.  and  29-57  in.,  and  the  temperatures 
11°-1  and  10°-0.  The  correction  for  change  of  pressure  and  tem- 
perature is  therefore  +0-0014  grm.,  and  the  true  gain  0-0149  grm. 
The  free  iodine  in  D,  due  to  the  action  of  the  ozone,  neutralised 
62-65  measures  of  a  solution  of  sulphurous  acid,  of  which  1  mea- 
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sure  corresponded  to  0*00373  grtn.  iodine.  The  weigkt  of  ozone 
deduced  from  the  iodine  set  free  is  therefore  0*0148  grm. 

The  identity  of  these  results  is  very  satisfactory,  when  it  is  con- 
sidered that  this  small  weight  of  ozone  was  separated  from  22 
litres,  or  nearly  five  gallon  measures  of  the  mixed  gases.  The 
relative  quantity  of  ozone  to  the  amount  of  water  decomposed  is 
less  than  in  the  former  experiments,  arising  perhaps  partly  from  a 
single  platina  wire  having  been  in  this  case  employed  as  the  positive 
pole.  In  this  experiment,  great  care  was  taken  to  exclude  both 
carbonic  acid  and  nitrogen  from  the  electrolyte. 

My  next  object  was  to  determine,  by  careful  quantitative  expe- 
riments, whether  water  is  really  formed,  as  Williamson  and 
Baumert  have  stated,  when  ozone  is  decomposed  by  heat.  For 
this  purpose,  the  same  general  arrangement  was  employed  as  in 
the  first  series  of  these  experiments;  but  the  first  Liebig's  appa- 
ratus D,  instead  of  being  filled  with  a  solution  of  iodide  of  potas- 
sium, was  now  empty,  and  placed  in  the  upper  part  of  a  metallic 
cylinder  (Fig.  4,  hh),  where  it  was  raised  to  a  temperature  of  about 

Fig.  4. 


400° C,  by  a  current  of  heated  air  from  a  Leslie's  burner.  To 
the  sulphuric  acid  apparatus  E  was  permanently  attached,  and 
\Yeighed  along  with  it,  a  small  U-tube  G,  containing  anhydrous 
phosphoric  acid,  so  as  to  secure  the  condensation  of  the  last  trace 
of  aqueous  vapour,  if  any  were  present-  The  oxygen  gas  was 
collected  and  measured  as  in  the  former  experiments. 

Two  experiments  were  made.  In  the  first,  6*8  litres  of  oxygen 
containing  0*027  grm.  ozone  were  passed  tiirough  the  apparatus  ; 
in  the  second,  9'6  litres  containing  0  038  grm.  ozone.  The  com- 
pound sulphuric  and  phosphoric  acid  apparatus  was  found,  all  cor- 
rections having  been  made,  to  have  increased,  in  the  one  case  one- 
third,  and  in  the  other  case  one-half  of  a  milligramme  in  weight. 
Such  quantities  can  only  be  referred  to  the  unavoidable  errors  of 
experiment.     If  ozone  were  a  compound  body  having  the  constitu- 
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tion  HO3,  the  apparatus  would  have  gamed  in  the  first  experiment 
10,  and  in  the  second  14  milligrammes. 

That  ozone  cannot  contain  nitrogen  will  appear  from  the  follow- 
ing experiment.  Two  platina  wires  were  hermetically  sealed  into 
the  bottom  of  a  small  flask,  into  which  water,  containing  a  little 
sulphuric  acid,  was  introduced,  and  made  to  boil  rapidly  for  some 
time.  While  the  water  was  in  a  state  of  ebullition,  the  wires  were 
connected  with  the  poles  of  a  voltaic  arrangement,  so  as  to  disen- 
gage the  mixed  gases  along  with  the  vapour  of  water.  So  long  as 
the  ebullition  continued,  no  ozone  made  its  appearance  ;  but  on 
allowing  the  liquid  gradually  to  cool,  without  arresting  the  current, 
its  presence  soon  became  manifest  from  its  odour  and  action  on 
iodide  of  potassium  paper.  The  ebullition  and  the  current  of  the 
mixed  gases  must  have  rendered  the  presence  of  nitrogen  here  im- 
possible. 

One  question  still  remains  to  be  answered.  Does  ozone,  besides 
oxygen,  contain  any  other  constituent  which  is  not  absorbable  by 
any  of  the  i-eagents  employed  ?  Although  the  gas  which  escaped 
from  the  apparatus,  after  the  separation  of  the  ozone,  appeared  to 
be  pure  oxygen,  yet  it  would  be  rash  to  assert  that  it  might  not 
have  contained  some  unknown  body  amounting  to  y qVo*^^  °^  ^^^ 
weight,  and  having  no  very  salient  properties.  This  question 
appeared  to  me  to  admit  of  solution  in  another  way.  It  will  be 
seen,  in  a  subsequent  part  of  this  paper,  that  there  can  be  no  doubt 
of  the  formation  of  ozone  from  pure  and  dry  oxygen  by  the  action 
of  the  electrical  spark ;  and  nothing  is  easier  than  to  convert  the 
whole  of  a  given  volume  of  oxygen  into  ozone  in  presence  of  a 
solution  of  iodide  of  potassium.  The  next  step  in  the  inquiry  was, 
therefore,  to  ascertain  whether  ozone  derived  from  electrolysis,  from 
the  action  of  the  electrical  spark,  and  from  the  oxidation  of  phos- 
phorus, exhibited  a  perfect  identity  in  all  its  properties. 

One  of  the  most  remarkable  properties  of  ozone  is  its  destruction 
by  heat,  or  rather  its  conversion  by  heat  into  ordinary  oxygen.  To 
ascertain  the  temperature  at  which  this  change  occurs,  the  vessel  d. 
Fig.  4,  was  placed  in  a  bath  of  mercury,  and  the  gas  examined  as 
it  escaped,  without  previously  passing  it  through  the  rest  of  the 
apparatus.  On  heating  the  mercurial  bath,  the  amount  of  ozone, 
as  determined  by  its  action  on  iodide  of  potassium  paper,*  did  not 
notably  diminish  till  the  temperature  attained  230°  C.  It  still  con- 
tinued, however,  very  intense  till  the  thermometer  rose  to  235°. 
Between  that  point  and  240°,  the  ozone  reactions  entirely  disap- 

*  Bibulous  paper  which  has  been  dipped  into  a  solution  of  iodide  of  potassium  of 
moderate  strength,  and  afterwards  allowed  to  dry,  but  still  retaining  its  hygrometric 
moisture,  is  the  most  convenient  test  of  ozone.  If  it  be  exposed  to  a  continuous  cur- 
rent of  diy  air,  it  should  be  removed  from  time  to  time,  and  its  hygrometric  moisture 
restored. 
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peared,  when  the  ozone  was  in  a  very  dilute  state ;  but  when  more 
concentrated,  slight  traces  of  ozone  could  still  be  discovered,  which 
no  doubt  would  have  also  disappeared  if  the  current  of  gas  had. 
been  passed  very  slowly.  Time  is,  in  fact,  an  element  in  this  action. 
Even  at  the  temperature  of  100°  C.  ozone  is  slowly  destroyed. 
Two  similar  tubes  were  filled  at  the  same  time,  and  by  the  same 
process,  with  ozone  diluted  as  usual  with  oxygen,  and  afterwards 
hermetically  sealed.  One  of  these  tubes  was  maintained  for  three 
hours  in  a  vapour  bath  at  100°  C,  the  other  was  not  exposed  to 
heat.  On  examining  both  tubes  at  the  end  of  the  time,  it  was 
found  that  the  ozone  in  the  tube  which  had  been  exposed  to  heat 
was  perceptibly  less  than  in  the  other.  I  have  no  doubt  that,  even 
at  the  common  temperature  of  the  air,  ozone  preserved  in  an  her- 
metically sealed  glass  tube  would  gradually  change  into  common 
oxygen.  I  made  an  experiment  of  this  kind  two  or  three  years 
ago,  which  resulted  in  the  disappearance  of  the  ozone ;  but  I  do  not 
remember  the  source  from  which  the  ozone  was  derived,  nor  what 
precautions  were  taken  to  dry  the  gas. 

On  the  other  hand,  ozone  brought  directly  into  contact  with  the 
vapour  of  water  at  the  boiling  point  is  instantly  destroyed. 

To  obtain  a  continuous  stream  of  ozone  from  the  action  of  the 
electrical  spark,  a  current  of  pure  oxygen  gas,  obtained  from  the 
decomposition  of  the  chlorate  of  potassa,  and  purified  and  dried  by 
passing  through  tubes  containing  hydrate  of  potassa  and  sulphuric 
acid,  was  exposed  to  a  rapid  succession  of  electrical  sparks.  To 
obtain  a  sufficient  stream  of  electricity,  an  electrical  machine, 
firmly  sci'ewed  down  to  the  floor  of  the  apartment,  was  connected 
by  a  belt  with  a  heavy  cast-iron  wheel,  40  inches  in  diameter,  con- 
tained in  a  frame  which  was  also  firmly  secured  to  the  floor.  By 
this  arrangement,  the  machine  could  be  worked  for  any  length  of 
time  continuously,  the  plate  performing  about  360  revolutions  per 
minute.  It  was  of  course  necessary  to  apply  very  frequently  a 
hand  rubber  covered  with  amalgam  to  the  plate,  and  it  required 
the  co-operation  of  three  persons  to  permit  the  work  to  be  easily 
performed.  On  passing  the  gas  through  the  apparatus  at  nearly 
the  same  rate  as  in  the  experiments  already  described,  an  abundant 
stream  of  ozone  was  obtained,  which  enabled  me  to  institute  a  very 
exact  comparison  between  its  properties  and  those  of  ozone  obtained 
by  electrolysis. 

When  heated  in  the  mercurial  bath,  ozone  prepared  in  this  way 
was  rapidly  destroyed  at  the  temperature  of  237°  C,  which  is  the 
same  temperature  at  which  electrolytic  ozone  was  also  destroyed. 
The  vapour  of  boiling  water,  in  like  manner,  caused  all  the  ozone 
reactions  to  disappear. 

The  action  of  water  at  common  temperatures  and  of  alkaline 
solutions  upon  ozone  is  very  remarkable.     It  is  commonly  stated 
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that  caustic  potassa  absorbs  ozone,  but  that  pure  water,  and  solu- 
tions of  lime,  baryta,  and  ammonia,  have  no  action  upon  it.  This 
statement  is  far  from  being  accurate.  Pure  water  does  not  absorb 
ozone,  and  a  stream  of  air  containing  ozone  may  be  passed  for  any 
length  of  time  through  water  without  producing  any  change  in  the 
properties  of  the  water.  I  have  also  preserved  ozone  for  several 
days  in  a  stoppered  vial  containing  a  little  distilled  water,  and, 
although  the  vessel  was  agitated  from  time  to  time,  the  ozone  did 
not  disappear.  On  the  other  hand,  pure  water  has  the  property  of 
destroying  a  small  quantity  of  ozone.  If  ozone,  obtained  by  the 
electrolysis  of  water,  or  by  the  action  of  the  electrical  spark,  or 
by  means  of  phosphoi'us,  be  largely  diluted  with  atmospheric  air, 
it  will  entirely  disappear,  if  an  attempt  be  made  to  collect  it  in  a 
jar  inverted  over  water.  The  following  experiment  is  more 
precise  : — A  flask  j)rovided  with  a  ground  glass  stopper,  of  the 
capacity  of  half  a  litre,  was  filled  with  equal  volumes  of  water 
and  atmospheric  air,  and  inverted  in  the  pneumatic  trough.  The 
ozone  in  a  single  bubble  of  electrolytic  oxygen,  passed  quietly 
through  the  water  into  this  volume  of  air,  could  easily  be  detected ; 
but  on  agitating  the  water  briskly,  even  four  or  five  bubbles  were 
deprived  of  their  ozone.  The  same  gas,  agitated  with  twice  its 
volume  of  lime-water,  or  one- third  of  its  volume  of  barj^ta- water, 
also  ceased  to  exhibit  the  reactions  of  ozone.  In  like  manner,  the 
action  of  caustic  potassa  is  also  limited.  A  strong  solution  of  that 
alkali  in  a  Liebig's  apparatus  deprived  one  litre  of  electrolytic 
oxygen  of  its  ozone,  after  which  the  ozone  passed  freely  through 
it.  These  phenomena  are  singular  and  characteristic,  and  are  the 
same  with  ozone,  from  whatever  souixe  it  is  derived. 

Peroxide  of  manganese  destroys  ozone,  aflFordmg  an  interesting 
example  of  what  is  commonly  called  catalytic  action.  The  oxide 
of  manganese  does  not  increase  in  weight,  nor  is  water  formed. 
Ozone  from  the  three  sources  gives  the  same  results. 

The  odour  of  ozone,  from  whatever  source  derived,  is  the  same. 
The  same  remark  applies  to  its  property  of  bleaching,  without, 
producing  at  first  an  acid  reaction. 

Iodide  of  potassium  is  decomposed,  with  the  formation  of  iodate 
of  potassa  ;  and  oxidable  substances  in  solution,  as  the  protosulphate 
of  iron,  are  raised  to  a  higher  state  of  oxidation  by  all  the  varieties 
of  ozone. 

It  would  not  be  difficult  to  extend  this  comparison,  but  enough 
has  been  shown,  I  conceive,  to  establish  the  absolute  identity  in 
properties  of  ozone,  in  whatever  way  it  may  be  prepared.  Any 
difference  which,  on  a  superficial  examination,  may  appear  to  exist, 
will  be  found  on  further  inquiry  to  arise  from  the  ozone  being  in  a 
more  or  less  dilute  state. 

That  ozone  is  formed  by  the  action  of  the  electrical  spark  on 
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perfectly  dry  oxygen,  is  placed  beyond  all  doubt  by  the  following 
experiment : — The  curved  tube  a,  Fig.  5,  having  two  platina  wires, 
pp'j  hermetically  sealed  into  it,  was  inverted  over  mercury  and 
carefully  filled  with  pure  oxygen,  after  which 
Fig.  5.  a  little  sulphuric  acid  was  introduced  into  one 

end  (6).  The  whole  was  allowed  to  remain  for 
twenty-four  hours,  when  the  oxygen  was  con- 
sidered to  be  perfectly  dry.  Electrical  sparks 
wei'e  now  passed  for  some  time  between  the 
platina  wires,  after  which  a  solution  of  iodide  of 
potassium  was  introduced  into  the  other  end  of 
the  tube.  It  became  immediately  coloured  from  the  formation 
of  free  iodine,  and  the  colour  continued  slowly  to  increase  as  the 
ozone  was  gradually  absorbed. 

Again,  a  solution  of  iodide  of  potassium  may  be  made  to  absorb 
the  whole  of  the  oxygen  in  a  narrow  tube,  by  the  passage  of 
electrical  sparks.  This  experiment  has  been  described  by  Fremy 
and  Becquerel,  and  I  have  myself  repeatedly  verified  its  accu- 
racy. AVith  a  thermometer  tube  2  inches  long,  the  whole  of  the 
oxygen  may  be  made  to  disappear  in  the  course  of  one  minute. 
The  solution  becomes  always  red  from  the  decomposition  of  the 
iodide  of  potassium. 

We  have  already  seen  that  neither  hydrogen  nor  nitrogen  can 
be  constituents  of  ozone,  whether  it  be  obtained  from  electrolysis, 
or  from  the  action  of  the  electrical  spark  on  oxygen ;  and  further, 
that  all  the  supposed  varieties  of  ozone  exhibit  in  all  respects 
identical  properties. 

Connecting  all  these  facts  together,  it  clearly  follows  — 
That  no   gaseous   compound   having  the    composition    HO3   is 
formed  during  the  electrolysis  of  water;  and 

That  ozone,  from  whatever  source  derived,  is  one  and  the  same 
body,  having  identical  properties  and  the  same  constitution,  and  is 
not  a  compound  body,  but  oxygen  in  an  altered  or  allotropic 
condition. 


On    the    Formation    and   Preparation  of  Formic  Acid. 
By    91.    Berth  clot. 

I.  Formation  from  Carbonic  Oxide* — The  relation  of  carbonic 
oxide  to  formic  acid  is,  in  a  certain  sense,  the  same  as  that  of  olefiant 
gas  to  alcohol : 

C.H^O,  =  CA  +  2H0;  C^H^  =  C,H,  +  2H0; 

•  Compt.  rend.  xli.  955  ;  Ann.  Tharni.  xcvii.  135. 
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alcohol  heated  with  strong  sulphuric  acid  yields  olefiant  gas ;  and 
formic  acid  similarlj^  treated  yields  carbonic  oxide.  Guided  by 
these  considerations,  Berthelot  endeavoured  to  prepare  formic 
acid  from  carbonic  oxide  by  a  process  analogous  to  that  by  which 
he  had  previously  formed  alcohol  from  olefiant  gas.*  The  mode 
of  proceeding  adopted  was  to  expose  caustic  potash  to  the  action 
of  carbonic  oxide  at  a  high  temperature.  10  grammes  of  slightly- 
moistened  hydrate  of  potash  are  introduced  into  4  flasks  of  about 
half  a  litre  in  capacity  ;  and  the  flasks  filled  with  carbonic  oxide,  then 
sealed,  and  heated  for  70  hours  in  the  water- bath.  On  subsequently 
opening  the  flasks  under  mercury,  the  mercury  fills  them  com- 
pletely, showing  that  all  the  carbonic  oxide  has  been  absorbed ; 
and  on  dissolving  the  contents  of  the  flasks  in  water,  supersaturing 
with  sulphuric  acid,  and  distilling,  a  distillate  is  obtained  containing 
dilute  formic  acid. 

II.  Preparation  from  O.valic  Acid.-\ — Gay-Lussac  showed  that 
formic  acid  is  produced  in  the  decomposition  of  oxalic  acid  by 
heat,  its  formation  resultins  from  the  union  of  carbonic  oxide  and 
water  in  the  nascent  state  : 

CJi.O^  =  C2O2  +  H2O2  +  2  COg. 

The  quantity  of  formic  acid  thus  obtained  is,  however,  very  small. 
But  Berthelot  has  lately  found  that  the  whole  of  the  carbonic 
oxide  liberated  by  the  decomposition  of  the  oxalic  acid  may  be 
made  available  for  the  production  of  formic  acid,  if  the  oxalic  acid 
be  mixed  with  glycerine,  which  appears  in  this  case  to  act  merely 
by  contact.  A  'mixture  of  1  kilogramme  of  commercial  oxalic 
acid,  1  kilogramme  of  syrupy  glycerine,  and  100  to  200  grammes 
of  water,  is  introduced  into  a  retort  of  2  litres  capacity,  and 
gently  heated,  the  temperature  not  being  allowed  to  rise  much 
above  100°  C.  Carbonic  acid  is  then  evolved  with  brisk  eflFer- 
vescence,  and  in  12  to  15  hours,  the  whole  of  the  oxalic  acid  is 
decomposed,  half  of  its  carbon  being  eliminated  in  the  form 
of  carbonic  acid.  A  small  quantity  of  water  containing  forinic 
acid  distils  over,  and  the  residue  in  the  retort  consists  of  glycerine 
containing  nearly  all  the  formic  acid  in  solution.  To  separate  the 
formic  acid,  half  a  litre  of  water  is  poured  into  the  retort,  and  the 
liquid  continuously  distilled,  the  water  being  renewed  as  it  eva- 
porates, till  about  six  or  seven  htres  of  liquid  have  passed  over, 
containing  in  fact  nearly  the  whole  of  the  formic  acid.  The 
residual  glycerine  may  be  used  in  the  same  manner  to  convert 
fresh  quantities  of  oxalic  acid  into  formic.    3  kilogrammes  of  oxalic 

•  See  Chem.  Soc  Qu.  J.  viii.  148. 

t  Compt.  rend.  xlii.  447  ;    Ann.  Pharm.  xcviii.  139. 
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acid  yielded  by  this  process  1*05  kil.  formic  acid.     According  to 
the  equation: 

C^H^Og,  4  HO  =  CP,  +  4  HO  4  C^H^O^, 

the  quantity  should  be  1*09  kil.     The  formic  acid  thus  prepared  is 
quite  pure,  and  free  from  oxalic  acid. 

It  is  important  that  the  decomposition  of  the  oxalic  acid  be  not 
too  much  hurried.  If  the  temperature  of  the  contents  of  the 
retort  rise  too  high,  a  more  rapid  evolution  of  carbonic  acid  takes 
place  at  first ;  ceasing,  however,  after  a  while.  The  temperature 
then  quickly  rises  to  190°- — 200°,  and  a  new  evolution  of  gas 
commences,  consisting  of  carbonic  oxide.  The  liquid  which 
distils  over  under  these  circumstances  contains  of  course  much 
less  formic  acid  than  would  be  obtained  from  the  same  quantity  of 
oxalic  acid,  if  slowly  decomposed.  This  evolution  of  carbonic 
oxide  proceeds  from  the  decomposition  of  the  foi'mic  acid  dissolved 
in  the  glycerine  (like  ammonia  in  water).  Pure  formic  acid  also, 
when  heated  to  200°  —  250°  for  some  hours  in  closed  vessels,  is 
for  the  most  part  resolved  into  water  and  cai'bonic  oxide  gas.  To 
obtain  carbonic  oxide  from  oxalic  acid,  Bert  helot  heats  the 
oxalic  acid  mixed  with  glycerine,  and  collects  separately  the 
carbonic  oxide  which  is  evolved,  when  the  heating  is  continued 
after  the  evolution  of  carbonic  acid  has  ceased. 


Chemical  Notices.* 
By      H.      Liiiiipriclit. 

1.  TJiioformic  Acid,  CJJ^  <  ^J^. — When  dry  sulphuretted  hy- 
drogen gas  is  passed  over  formiate  of  lead  at  a  temperature  above 
100°,  for  the  purpose  of  preparing  formic  acid,  the  resulting  acid 
has  a  disagreeable  alliaceous  odour,  and  not  unfrequently  small 
needle-shaped  crystals  separate  from  it.  These  crystals  are 
obtained  in  greatest  quantity  when  the  decomposition  of  tlie  salt 
is  performed  in  a  tubulated  retort,  which  during  the  operation  is 
heated  to  200° — 300°  by  placing  hot  coals  under  it.  The  formic 
acid  sometimes  solidifies  after  a  while  in  the  receiver  from  separa- 

*  Ann.  Pharm.  xcvii  363. 
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tion  of  these  ciystals,  and  the  liquid  filtered  from  them  yields  after 
distillation  a  nearly  equal  quantity  of  the  same  product.  If  the 
crystals,  after  washing  with  cold  water  and  drying  over  sulphuric 
acid,  are  not  quite  colourless,  tliey  may  be  recrystallised  from 
alcohol ;  but  the  quantity  of  alcohol  required  for  the  purpose  is 
very  large.  The  product  obtained  from  a  pound  of  formiate  of 
lead  amounts  to  only  a  few  grammes. 

The  amount  of  sulphur  in  the  crystals  was  found  by  analysis  to 
be  51-2  and  52 -5  per  cent.     The  formula  CgHgSgOg  requires  51*6. 

The  formation  of  thioformic  from  formic  acid  may  be  represented 
by  the  equation, 

C^H^O,  +  2  HS  =  C^H^S.Oa  +  2  HO. 

Thioformic  acid  crystallises  from  formic  acid,  or  from  boilino- 
alcohol,  in  slender  needles,  melts  at  about  120°,  and  sublimes, 
even  at  a  low  temperature,  in  small  ti'ansparent  crystals.  It  has  a 
faint  alliaceous  odour,  is  insoluble  in  water,  dissolves  with  tole- 
rable facility  in  alcohol  and  ether  at  the  boiling  heat,  but  scarcely 
at  all  in  the  cold ;  a  portion  of  it  volatilises,  together  with  the 
alcohol-vapours. 

Strong  sulphuric  acid  dissolves  thioformic  acid  at  a  gentle  heat, 
with  evolution  of  sulphurous  acid  and  separation  of  sulphur;  strong 
hydrochloric  acid  has  no  action  upon  it,  even  at  a  boiling  heat ; 
nitric  acid  decomposes  it  readily  when  heated,  oxidising  the 
sulphur  to  sulphuric  acid ;  strong  acetic  acid  dissolves  it  in  small 
quantity  at  a  boiling  heat,  but  deposits  it  again  on  cooling.  When 
thioformic  acid  is  heated  with  dilute  sulphuric  acid  and  peroxide 
of  lead,  the  latter  assumes  a  lighter  colour;  with  chromate  of 
potash  and  dilute  sulphuric  acid,  it  forms  sesquioxide  of  chromium. 
Fused  w^ith  hydrate  of  potash,  it  forms  a  reddish-yellow  mass, 
which,  when  treated  with  dilute  sulphuric  acid,  gives  off  sulphu- 
retted hydrogen  and  an  odour  of  garlic.  Solution  of  potash 
dissolves  it  but  sparingly,  even  at  the  boiling  heat ;  and  the  solu- 
tion treated  with  acids  gives  off  traces  of  sulphuretted  hydrogen. 
^Thioformic  acid  is  not  soluble  in  sulphide  of  ammonium,  either  in 
the  cold  or  at  a  boiling  heat. 

The  alcoholic  solution  ot  thioformic  acid  has  no  reaction  upon 
litmus ;  it  is  not  altered  by  sesquichloride  of  iron ;  forms  with 
acetate  of  lead  a  yellowish  precipitate,  which  turns  black  when 
heated  with  the  liquid ;  with  nitrate  of  silver  it  yields  an  amorphous 
precipitate,  which  is  white  at  first,  but  soon  turns  black,  and 
dissolves  partially  in  hot  water,  with  separation  of  metallic  silver 
or  sulphide  of  silver.  In  consequence  of  its  great  proneness  to 
decomposition,  the  silver-compound  could  not  be  obtained  in  a 
form  adapted  for  analysis. 


186  LIMPRICHT  ON 

2.  Anisoic  Acid,  CjoHjgOjg. 

It  is  generally  supposed  that  when  oil  of  aniseed  is  acted  upon 
by  nitric  acid,  anisic  aldehyde  or  anisyjous .  acid  and  oxalic  acid 
are  formed  in  the  first  instance,  according  to  the  equation 

C2,H„0,  +  12  0  =  CieHgO,  +  CJi.O,  +  2  HO. 

' , '  * , '     V , ' 

Aiiisoia.  Anisic  aldehyde.  Oxalic  acid. 

The  following  experiments,  however,  render  it  probable  that  the 
first  product  of  the  action  is  a  new  acid, — anisoic  acid : 

C20H.A  +  6H0  +  40  =  C,JI,,0,,; 

and  that  this  acid,  when  subjected  to  the  further   action  of  heat, 
yields  anisic  aldehyde  and  oxalic  acid. 

When  oil  of  star-aniseed  is  heated  with  nitric  acid  of  sp.  gr.  1*2 
till  it  sinks  to  the  bottom,  and  then  shaken  up  with  a  warm  solu- 
tion of  bisulphite  of  soda,  the  aqueous  solution  yields  on  cooling, 
not  sulphite  of  anisic  aldehyde  and  sodium,  but  a  soda-salt  com- 
posed of  CjoHj-NaOjo,  viz.,  anisoate  of  soda.  The  acid  of  this  salt 
has  hitherto  been  obtained  only  from  oil  of  star-aniseed ;  but  it 
would  doubtless  be  also  produced  from  the  other  oils  which  contain 
anisoin  (viz.,  oil  of  aniseed,  fennel,  and  taragon). 

Anisoic  acid,  when  separated  from  its  silver  or  barium-salt  by 
hydrochloric  or  sulphuric  acid,  crystallises  by  evaporation  of  its 
aqueous  solution,  in  small  laminae  ;  but  a  concentrated  solution 
left  for  some  time  in  contact  with  the  air  deposits  tolerably  thick 
tables.  The  acid  dissolves  very  readily  in  water,  alcohol,  and 
ether,  and  is  therefore  difficult  to  obtain  in  good  crystals ;  it  has 
a  strong  acid  reaction,  and  melts  at  about  120°  C.  Heated  on 
platinum-fuil,  it  turns  brown,  gives  off  empyreumatic  vapours 
having  the  odour  of  anisic  aldehyde,  and  finally  burns  with  a 
luminous  flame.  It  cannot  be  sublimed  without  decomposition, 
even  by  careful  heating. 

A  solution  of  the  silver-salt,  mixed  with  hydrochloric  acid,^ 
having  been  accidentally  left  over  the  fire,  together  with  the  pre- 
cipitated chloride  of  silvei',  till  it  had  gone  to  dryness,  a  sublimate 
of  white  needles  was  found  to  have  collected  on  the  chloride  of 
silver :  these  needles  had  the  appearance  of  anisic  acid,  and  the 
analysis  of  their  silver- salt  showed  that  they  really  consisted  of 
that  acid.  An  attempt  to  obtain  anisic  acid  by  heating  free  anisoic 
acid  moistened  with  sulphuric  or  hydrochloric  acid,  did  not 
succeed,  only  the  empj'reumatic  decomposition-products  being 
obtained,  which  anisoic  acid  yields  when  heated  by  itself. 

Anisoate  of  Soda,  CggHj^NaOjj  (dried  at  100°). — The  salt  pre- 
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pared  as  above,  and  purified  by  repeated  crystallisation  from  liot 
water,  forms  perfectly  white,  indistinct  crystals  united  in  nodules. 
It  dissolves  readily  in  water.  The  analysis  gave  8*9  per  cent, 
sodium,  agreeing  exactly  with  the  formula. 

Ajiisoaie  of  Ban/ta,  CXoH,-BaO,2  (dried  at  100°).— Prepared  by 
mixing  the  solution  of  the  soda-salt  with  the  quantity  of  sulphuric 
acid  exactly  sufficient  to  decompose  it ;  evaporating  to  dryness 
over  the  water-bath ;  exhausting  the  residue  with  absolute  alcohol, 
and  digesting  the  solution  (mixed  with  water)  with  carbonate  of 
baryta  till  it  was  neutralised,  the  filtered  liquid  yielded  by  evapo- 
ration easily  soluble  crystalline  nodules  resembling  the  soda-salt. 


Calculated. 

Found. 

20  C     .     . 

.      120 

39-8 

39-23  to  39-65 

17  H    .     . 

.        17 

5  6 

5-33  „     5-54 

Ba  .     . 

68 

22-5 

22-16  „  22-75 

12  0     .     . 

.        96 

32-1 

C2oHi,BaOi2  301        100-0 

Anisoate  of  Silver,  C^qH^-AslO^^. — Obtained  by  decomposing  the 
baryta-salt  with  sulphate  of  silver,  or  by  digesting  the  acid  with 
carbonate  of  silver.  Dissolves  readily  in  water ;  also  crystallises 
in  nodular  crystals,  and  while  moist  easily  acquires  a  blackish  tint. 


Calculated. 

Found. 

20  C      .     . 

.     120 

35-2 

34-1 

17  H     .     . 

17 

4-9 

4-0 

Ag    .     . 

.     108 

31-6 

32-2 

12  0      .     . 

96 

28-3 

C,oHnAgO,, 

341 

100-0 

The  difference  between  the  experimental  and  calculated  results 
must  be  attributed  to  the  tendency  to  decomposition  above  noticed. 

3.  Preparatioti  of  Aldehydes  from  the  Acids  CJ^l^O^. 

It  has  long  been  known  that  when  many  salts  of  the  acids 
C„H„0^  are  heated,  they  yield,  simultaneously  with  the  ketone  of 
the  series,  a  body  isomeric  with,  and  in  many  respects  similar  to, 
the  aldehyde  (propylal,  butyral,  and  valeral)  ;  but  aldehydes,  such 
as  are  produced  by  oxidation  of  the  alcohols,  have  not  yet  been 
obtained  from  the  acids. 

From  the  existing  views  of  the  constitution  of  the  acids  CaHnO^, 
and  of  the  ketones  and  aldehydes,  as  well  as  from  the  decomposi- 
tion which  takes  place  in  the  formation  of  the  ketones,  we  may 
conclude  that  the  aldehydes  must  be  produced  by  an  analogous 
process. 
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The  formation  of  tlie  ketone  always  requires  2  atoms  of  the  salt. 

^2(02113)02 1  Q     ,    C2(C2H3)02 1  Q    _  n  n„  O     ,  ^2(02113)02 1 
Ca  J  ^2  +  Ca  J  ^2  -  '^2^a2U6  +       ^^-^^       j- 

Acetate  of  lime.  Acetate  of  lime.  Acetone. 

Of  1  equivalent  of  the  acetate  of  lime  there  remains  only  the 
radical,  acetyl  [othyl]  or  formyl-methyl,  of  the  second  only  the 
methyl,  which  unite  to  form  acetone,  while  the  remaining  elements 
form  carbonate  of  lime. 

When  [as  shown  by  Williamson*]  a  mixture  of  the  salts  of 
two  different  acids — e.  g.  valeriate  and  acetate  of  lime — is  heated, 
the  same  metamorphosis  takes  place,  1  eq.  of  carbonate  of  lime 
being  formed,  and  a  ketone  composed  of  the  radical  of  the  one  acid, 
and  the  alcohol-radical  contained  in  the  other : 


c. 


(C2H3)02 1  o      ,    02(03119)02 1  Q    _  Q  n  Q     ,    02(02X13)02  "I 


Acetate  of  lime.  Valerate  of  lime. 


02(OsH,)02 
C2H3 


} 


C2, 


If  now  formiate  of  lime  be  heated  with  the  lime-salt  of  another 
acid  of  the  series  CntlnO^,  and  the  mixture  subjected  to  distillation, 
a  ketone  is  formed,  containing  an  equivalent  of  hydrogen  in  place 
of  the  alcohol-radical :   that  is  to  say,  an  aldehyde. 

(C2H3)02|o     ,    C2(H)02|o    _cca0   +^.(0^)02-1 

Acetate  of  lime.  Foi-miate  of  lime.  Aldehyde. 

In  this  manner  several  aldehydes  have  been  prepared  by 
M.  Ritter. 

Acetaldehi/de,  C^H^Og. — Dry  formiate  and  acetate  of  lime,  mixed 
in  equivalent  quantities,  were  heated  in  a  retort  over  the  open  fire ; 
the  distillate  being  received  in  cooled  ether  and  saturated  with 
ammoniacal  gas  ;  crystals  of  aldehyde-ammonia  then  separated  in 
considerable  quantity.  In  this  operation,  especially  when  consi- 
derable quantities  of  material  were  used,  a  quantity  of  empyreu- 
matic  products  was  also  formed,  in  consequence,  partly  of  imperfect 
mixture,  partly  of  too  high  a  tempex'ature  being  applied. 

Pi'opt/laldehijde,  CgHg02. — Propionate  of  baryta  prepared  from 
cyanide  of  ethyl  was  mixed  with  formiate  of  lime  and  distilled. 
Small  quantities  only  were  available  for  the  experiment,  and  the 
distillate,  amounting  to  only  a  few  grammes,  had  therefore  to  be 
subjected  to  analysis  after  two  rectifications,  in  each  of  which  only 
the  first  portion  Avas  collected.     The  separation  of  the  aldehyde  by 

*  Chcm.  Soc.  Qu.  J.  iv.  238. 
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combination  with  bisulphite  of  ammonia  could  not  be  effected, 
because  the  product  was  contaminated  with  pi'opione.  The  boiling 
point  of  the  prop}'lic  aldehyde  used  in  the  analysis  lay  between 
48°  and  55°  (])ropylal  obtained  from  butyracetate  of  lime  boils  at 
66°).  The  analysis  gave  58-03  per  cent.  C,  and  10-31  H;  the 
formula  CgHgOg  requiring  62-0  C,  and  10-3  H.  The  numbers 
found  by  analysis  would  give  for  the  ratio  of  the  equivalents 
C  :  H  :  O  =  6  :  6-2  :  2*5.  As  it  was  impossible  to  purify  the 
product  satisfactorily,  the  result  may  be  considered  as  sufficient 
evidence  that  propylaldehyde  was  really  formed. 

Valeraldeliyde,  CjqHiqOj. — Formiate  and  valerate  of  lime  were 
distilled  together;  the  portion  of  the  distillate  which  boiled  at 
about  100°  treated  with  bisulphite  of  soda ;  and  the  resulting 
sulphite  of  valeraldeliyde  and  sodium  analysed.  The  analysis  gave 
31-71  per  cent,  sulphurous  acid,  the  formula  C^oHgNaSoOg  +  3  eq. 
requiring  32*13  per  cent. 

OenantJwl,  Cj^Hj^O^. — By  distilling  a  mixture  of  oenanthylate 
and  formiate  of  lime,  an  oil  was  obtained,  which  combined  with 
bisulphite  of  soda  in  crystalline  laminse  having  the  appearance  of 
sulphite  of  oenanthyl  and  sodium ;  the  oil  separated  from  these 
crystals  by  acids  possessed  the  odour  of  oenanthol. 

Caprijlaldehyde,  CjgHjgO,. — The  distillate  obtained  from  capry- 
late  and  formiate  of  lime  exhibited  the  odour  of  caprylic  aldehyde, 
and  formed  a  crystalline  compound  with  bisulphite  of  soda. 

Myristate  and  palmitate  of  lime  distilled  with  formiate  of  lime 
yielded  very  offensive  products,  which  were  for  the  most  part  oily, 
and  deposited  only  small  quantities  of  solid  substances.  The  latter, 
after  pressure  and  repeated  crystallisation  from  hot  alcohol,  con- 
sisted of  small,  perfectly  white,  inodorous  crystalline  scales,  but 
yielded  by  combustion  much  larger  quantities  of  carbon  and  jiydro- 
gen  than  is  consistent  with  the  composition  of  myristic  and  palmitic 
aldehyde.  Probably  "these  aldehydes  cannot  exist  at  the  high  tem- 
perature required  to  decompose  the  mixed  salts. 

The  preparation  of  the  aldehydes  by  this  method  will  not, 
perhaps,  be  often  advantageous ;  because  empyreumatic  products 
are  formed  at  the  same  time  in  rather  considerable  quantity ;  and 
the  presence  of  these  products  prevented  the  cenanthylic  and 
caprylic  aldehydes  from  being  purified  sufficiently  for  analysis  ; 
or  the  experiment  should  have  been  made  on  a  much  larger  scale. 
Perhaps  the  occurrence  of  these  impurities  ipay  be  prevented  by 
heating  the  saline  mixture  in  an  oil-bath,  the  temperature  being 
maintained  as  little  as  possible  above  that  which  is  required  for  the 
decomposition. 
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On  Anisic  Alcohol.^  « 

By   S.   Canuizzaro  an<I   C.   Bertag^niui. 

Cannizzarof  found  that  hydride  of  benzoyl,  Ci^HgOg,  when 
treated  with  an  alcoholic  solution  of  potash,  is  converted  into 
benzoic  acid  and  the  corresponding  alcohol  Cj^HgOg.  According 
to  Cannizzaro  and  Bertagnini,  hydride  of  anisyl,  CigHgO^,  is 
in  like  manner  converted  into  anisic  acid,  C,gHgOg,  and  a  corre- 
sponding alcohol,  C,gH,QO^,  viz.  anisic  alcoliol. 

To  prepare  the  hydride  of  anisyl,  anisol  is  gently  boiled  for  an 
hour  with  about  three  times  its  volume  of  dilute  nitric  acid  of 
14°  Baume,  after  which  the  heavy  oily  product  is  washed  with 
w^ater,  then  with  dilute  potash-ley,  and  distilled.  To  separate 
the  hydride  of  anisyl  from  the  accompanying  substances,  the  dis- 
tillate is  shaken  up  with  a  warm  solution  of  bisulphite  of  soda  of 
30°  Baume ;  the  resulting  crystalline  compound  left  to  drain  after 
cooling;  washed  with  alcohol  till  it  is  perfectly  white,  and  the 
alcohol  which  runs  off  no  longer  becomes  turbid  when  mixed  with 
water;  the  compound  then  dissolved  in  the  smallest  possible 
quantity  of  hot  water,  and  heated  with  an  excess  of  strong  solution 
of  carbonate  of  potash.  The  hydride  of  anisyl,  which  separates  in 
the  form  of  an  oily  layer  rising  to  the  surface,  is  then  taken  oif  and 
freed  from  any  saline  liquid  that  may  be  enclosed  in  it,  by  distil- 
lation. 

"When  hydride  of  anisyl  thus  prepared  is  dissolved  in  an  equal 
volume  of  alcohol,  and  this  liquid  mixed  with  three  times  its  bulk 
of  alcoholic  potash-solution  of  about  7°  Baume,  an  action  takes 
place  attended  with  slight  evolution  of  heat ;  and  anisate  of  potash 
separates  out  in  such  quantity  that  the  liquid  solidifies  to  a  crys- 
talline pulp.  After  10  or  12  hours,  the  alcohol  is  distilled  otF  in 
the  water-bath,  the  residue  diffused  in  water,  and  the  liquid  heated 
Avith  ether  to  extract  the  anisic  alcohol,  which,  after  the  evapora- 
tion of  the  ether,  remains  in  the  form  of  a  brown  oil.  On  dis- 
tilling this  oil,  a  colourless  liquid  passes  over  at  about  260°  C,  which, 
if  the  temperature  of  the  air  is  low,  soon  crystallises  :  this  product 
is  anisalic  alcohol.  When  thus  prepared  it  generally  retains  a 
portion  of  unaltered  hydride  of  anisyl,  which  may  be  easily 
recognised  by  its  power  of  forming  crystalline  compounds  with 
concentrated  solutions  of  alkaline  bisulphites.  To  remove  this 
impurity,  the  preparation  must  be  again  treated  with  a  small 
quantity  of  alcoholic  potash-solution,  then  distilled  in  a  stream  of 
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carbonic  acid,  and  the  distillate,  after  solidifying,  pressed  between 
filtering-paper. 

Pure  anisic  alcohol  thus  prepared  distils  without  decomposition 
at  248°  to  250°  C ;  melts  at  about  23°  when  anhydrous,  but  at  a 
lower  temperature  (as  low  as  7°)  when  moist.  Crystallises  in  hard 
shining  needles. 

Calculated.  Found. 

16  C   96   69  56     69-21   69-51   69*32   69*60 

10  H   10  ■  7-24     7-33    730    7-37    7-30 

4  O   32   23-20     23-46   23-19   23-31   23-10 

CigHioO^   138  100-00    100-00  100-00  100-00  lOO'OO 

Anisic  alcohol  is  heavier  than  water ;  has  a  faint  spirituous 
and  sweetish  odour,  and  a  burning  taste  resembling  that  of  oil  of 
aniseed.  It  does  not  alter  by  exposure  to  the  air  at  ordinary  tem- 
peratures, even  for  a  long  time ;  but  when  heated  nearly  to  its 
boiling  point,  it  absorbs  oxygen,  and  is  converted  into  hydride  of 
anisyl. 

Oxidising  substances  convert  anisic  alcohol,  with  the  greatest 
ease,  first  into  hydride  of  anisyl,  then  into  anisic  acid.  In  contact 
with  platinum-black,  it  emits,  after  some  time,  the  odour  of  hydride 
of  anisyl,  and  after  a  few  days  the  entire  quantity  of  tlie  anisic 
alcohol  is  converted  into  anisic  acid.  Dilute  nitric  acid,  with  the 
aid  of  heat,  likewise  brings  about  these  changes  in  succession. 

Anisalic  alcohol  heated  with  various  salts,  e.  g.  benzoate,  anisate, 
and  acetate  of  potash,  dissolves  them,  but  deposits  them  again  on 
cooling.  It  likewise  dissolves  several  organic  substances,  e.g.  salicia, 
phillyrin,  and  hippuric  acid. 

Potassium  introduced  into  liquid  anisic  alcohol  causes  an  evo- 
lution of  hydrogen,  which  becomes  very  violent  on  the  application 
of  heat.  The  resulting  potassium-compound  remains  dissolved  in 
the  yellow  liquid  while  warm,  but  the  whole  solidifies  into  a  buttery 
mass  on  cooling. 

Sulphuric  acid,  even  when  but  moderately  concentrated,  con- 
verts anisic  alcohol  into  a  reddish  resinous  mass.  Anhydrous 
phosphoric  acid  exerts  a  similar  action.  When  the  alcohol  is  mode- 
rately heated  with  chloride  of  zinc,  a  violent  action  takes  place  ; 
water  is  formed,  which  unites  with  the  chloride  of  zinc,  and  an  oily 
liquid  rises  to  the  surface,  which  on  cooling  solidifies  in  a  hard 
transparent,  vitreous  mass,  melting  at  100°,  insoluble  in  water  and 
alcohol,  but  soluble  in  sulphide  of  carbon. 

Chlorine  gas  passed  into  anisic  alcohol  is  absorbed,  with  evo- 
lution of  heat,  the  liquid  becoming  turbid,   and  ultimately  sepa- 
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rating  into  two. layers,  the  lower  of  wliicli  is  aqueous  hydrochloric 
acid,  while  the  upper  appears  to  be  the  chlorine-compound,  of  the 
radical  contained  in  the  alcohol.  This  upper  liquid,  when  quickly 
washed  with  a  dilute  solution  of  carbonate  of  potash,  and  then  with 
water,  forms  a  colourless  oil,  having  a  fruity  odour  and.  burning 
taste.  In  contact  with  an  alcoholic  solution  of  ammonia,  it  is 
quickly  decomposed,  with  formation  of  sal-ammoniac  and.  a  liquid 
which  exhibits  all  the  properties  of  anisic  alcohol.  This  substance 
appears  also  to  undergo  a  similar  decomposition  in  contact  with 
solutions  of  alkaline  carbonates.  It  was  not  obtained  in  sufHcient 
quantity  for  analysis.  Want  of  material  likewise  prevented  the 
formation  of  other  compound  ethers  from  anisic  alcohol.  In  an 
attempt  to  prepare  anisic  ether  by  the  action  of  chloride  of  anisyl 
on  the  alcohol,  a  violent  action  was  observed,  attended  with  abundant 
evolution  of  hydrochloric  acid  vapours,  and  formation  of  anisic  acid, 
and  a  resinous  substance  insoluble  in  alcohol  and  ether,  but  soluble 
in  chloroform. 

Hydride  of  salicyl  (salicylous  acid),  C14H5O4,  treated  with  potash 
in  aqueous  or  alcoholic  solution,  either  at  high  or  at  low  tempera- 
tures, combines  with  the  alkali,  without  undergoing  further  alteration 
when  heated ;  it  is  only  when  the  potash-hydrate  has  become  solid 
by  evaporation,  and  then  melts  at  the  higher  temperature,  that  the 
salicylate  of  potash  formed  at  the  beginning  of  the  action  is  con- 
verted, as  is  well  known,  into  salicylate.  This  process,  therefore, 
does  not  yield  the  alcohol  corresponding  to  salicylic  acid.  The 
composition  proper  to  this  alcohol  is  exhibited  by  saligenin,  which 
likewise  behaves  like  an  alcohol  in  certain  points  (conversion  into 
an  aldehyde,  the  hydride  of  salicyl  by  certain  oxidising  agents ; 
and  conversion  into  salicylate  of  potash,  with  evolution  of  hydro- 
gen, when  heated  with  hydrate  of  potash),  but  neither  possesses 
the  volatility  of  other  alcohols,  nor  forms  ethereal  compounds  with 
acids. 
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XI. — On  Cadmium-ethyl. 
By  J.  A.  Wanklyn, 

ASSISTANT   IN  THE   LABORATOBY   OF   OWENS   COLLEGE,    MANCHESTER. 

The  close  analogy  subsisting  between  zinc  and  cadmium  led 
me  to  expect  tbat  tbe  latter  would  form  a  compound  witli  ethyl 
corresponding  to  zinc-ethyl.  In  consequence  of  this  expectation 
I  instituted  a  preliminary  experiment,  which  satisfied  me  that 
such  is  really  the  case.  I  then  referred  to  the  journals,*  and  saw 
that  already,  in  1853,  Schiiler  had  made  an  investigation  with  a 
similar  object  in  view,  but  that  he  had  altogether  failed  in  the 
attempt.  In  the  account  which  he  has  published  of  his  experi- 
ment one  or  two  little  omissions  struck  me,  which  omissions,  I 
believe,  caused  him  to  arrive  at  no  positive  result. 

These  considerations  at  once  determined  me  to  pursue  the 
subject,  and  accordingly  I  made  a  number  of  preliminary  experi- 
ments on  the  action  of  cadmium  on  iodide  of  ethyl  mixed  with 
ether.  Several  times  in  the  course  of  these  experiments  I  obtained 
undoubted  proof  of  the  existence  of  a  body  containing  cadmium 
in  combination  with  organic  matter,  and  volatile  below  200°  C. 
In  order  to  procure  a  sufficient  quantity  of  the  new  substance 
for  an  examination  of  its  properties,  I  resolved  on  performing  an 
experiment  on  a  large  scale,  which  experiment  I  now  describe  at 
length. 

•  Ann.  Ch.  Pharm.,  Ixxxvii.,  56,  57. 
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About  2,000  grains  of  cadmium  was  beaten  out  into  a  thin 
lamina,  which  was  then  cut  up  by  means  of  scissors  into  very 
narrow  strips.  Thus  prepared,  the  metal  was  introduced  into  the 
copper  digester  used  in  the  manufacture  of  zinc-ethyl.  Perfectly 
dried  iodide  of  ethyl  and  ether,  1,000  grains  of  the  former  and 
about  an  equal  bulk  of  the  latter,  were  next  poured  in.  Then  the 
digester  was  closed  air-tight,  and  heated  up  to  130°  C.  for  about 
an  hour.  The  temperature  was  next  lowered  to  100°  C.  and  not 
suffered  to  rise  above  that  point  during  the  remainder  of  the 
digestion.  The  whole  time  occupied  by  the  digestion  was  about 
50  hours,  but  this  process  was  not  continued  uninterruptedly 
throughout  that  period,  as  the  operation  was  arrested  at  night. 
Having  completed  this  part  of  the  process,  the  digester  was 
allowed  to  cool,  and  afterwards  opened  by  remo\dng  the  screw- 
plug.  Immediately  a  considerable  quantity  of  gas  escaped.  A 
bent  tube  was  then  adapted,  and  the  distillation  made  in  an 
atmosphere  of  dry  carbonic  acid,  just  as  recommended  by 
Frankland  in  his  memoir  on  zinc-ethyl.  The  disposition  of  the 
apparatus,  and  the  general  mode  of  performing  this  experiment, 
were  such  as  Frankland  has  detailed  in  his  memoir  on  zinc- 
ethyl,  and  to  that  paper  I  refer.* 

During  this  distillation,  a  large  quantity  of  ether  and  iodide  of 
ethyl  came  over,  but  no  fumes  were  evolved  at  temperatures  below 
170°  C.  When  the  temperature  had  reached  160°  C.  the  receiver 
was  changed,  and  between  180°  C.  and  220°  C.  a  colourless  fuming 
liquid  distilled.  This  liquid,  when  exposed  to  the  air,  evolved 
first  white  fumes,  and  then  brown  fumes,  owing  to  the  formation 
of  oxide  of  cadmium,  and  finally  burst  into  flame,  depositing 
brown  spots  on  neighbouring  objects.  It  eff'ervesced  with  water, 
forming  at  the  same  time  a  white  precipitate.  In  this  respect  it 
resembles  zinc-ethyl,  as  also  by  the  formation  of  a  white  solid  on 
the  slow  absorption  of  oxygen.  Its  smell  was  peculiar,  and  not 
disagreeable,  rather  like  that  of  zinc-ethyl.  An  estimation  of 
cadmium  was  made  by  treatment  with  water.  The  precipitate 
so  obtained  was  dissolved  in  dilute  nitric  acid,  and  the  resulting 
solution  evaporated  to  dryness,  and  finally  ignited,  when  it  left 
a  residue  of  the  deep  brown  colour  characteristic  of  oxide  of 
cadmium. 

Treated  in  this  way,  02085  grammes  of  the  liquid  gave 
0"0877  grammes  of  oxide  of  cadmium.     As  a  test  of  the  purity 

*  Transactions  of  the  Royal  Society,  1855,  p.  259. 
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of  the  oxide  of  cadmium,  it  was  converted  into  chloride  of 
cadmium,  and  weighed  in  that  form,  with  these  results : 

Calculated.  Found. 

00877  CdO  00877  CdO 

0-1250  CdCl  0-1255  CdCl 

The  foregoing  analysis  proves  that  the  distillate  contained  36-78 
per  cent,  of  cadmium,  which  indicates  that  the  substance  was 
impure.  This  circumstance  was  by  no  means  unexpected,  as  the 
total  amount  of  distillate  which  came  over  above  160°  C.  did  not 
much  exceed  one  gramme  and  a  half,  and  so  small  a  quantity 
would  be  rendered  very  impure  by  the  residual  vapour  of  ether 
in  the  digester.  If  we  take  the  formula  of  the  new  substance 
to  be  Cd  C^  H5,  the  distillate  would  contain  55*92  per  cent,  of 
this  substance.  The  remainder  of  the  percentage  would  be  ether, 
iodide  of  ethyl,  and  perhaps  hydrocarbons — the  result  of  the 
decomposition  of  this  cadmium-ethyl  whilst  it  was  in  the  digester. 

In  order  to  obtain  the  new  substance  pure,  the  ob\ious  course 
was  to  redistil  the  crude  product,  and  endeavour  to  obtain  a 
constant  boiling  point.  Eor  that  purpose,  more  crude  cadmium- 
ethyl  was  requisite.  As  the  action  in  the  digester  had  been  very 
far  from  complete,  the  ether  and  iodide  of  ethyl  which  had  come 
over  first  were  poui-ed  back,  along  with  a  further  quantity  of 
these  ingredients,  into  the  digester,  which  was  closed  and  heated 
to  125°  C.  for  two  or  three  days. 

On  submitting  the  product  to  distillation,  the  ether  which 
came  over  below  170°  C.  was  collected  apart,  and  the  receiver 
changed  after  the  white  fumes  had  been  observed  for  some  time. 
This  second  part  of  the  distillate,  which  fumed  as  in  the  former 
operation,  was  redistilled  in  the  oil-bath,  but  no  constant  boiling 
point  could  be  obtained.  The  liquid  boiled  or  evolved  gas  rapidly 
up  to  165°  C,  indicated  by  a  thermometer  placed  in  the  vapour, 
and  deposited  metallic  cadmium  on  the  sides  of  the  flask,  although 
the  temperature  of  the  surrounding  oil-bath  was  never  higher 
than  210^  C.  What  came  over  between  95°  C.  and  165°  C.  was 
collected  apart,  and  was  found  to  be  greatly  altered  in  properties 
and  composition.  On  exposure  to  the  air,  it  fumed  a  little,  but 
would  not  inflame  spontaneously.  Subjected  to  analysis  it  gave 
the  following  results:  0-093  grms.  on  treatment  with  nitric  acid 
and  subsequent  ignition,  yielded  0-0118  grms.  of  residue.  In  a 
second  experiment  0-3228  grms.  of  substance  gave,  when  similarly 
treated,  0-0387  grms.  of  residue.     These  residues,  unlike  that  pre- 

o  2 
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vioiisly  mentioned,  contained,  in  addition  to  tlie  oxide  of  cadmium, 
a  quantity  of  oxide  of  zinc,  and,  instead  of  being  brown,  were 
white.*  A  combustion  with  oxide  of  copper  was  also  made, 
wherein  0*1852  grms.  of  substance  gave  0'4218  grms.  of  carbonic 
acid,  and  0"1962  grms.  of  water. 

Here  are  the  collected  per  centage  results  of  these  analyses : 


I. 

ir. 

III. 

CdO  and  ZnO 

12-69 

11-99 

C      .     .     .     . 

62-11 

H     .     .     .     . 

11-77 

These  numbers  show  that  distillation  decomposes  in  great  part  the 
ethyl-compound  of  cadmium. 

The  changes  which  ensue  during  the  action  of  the  materials 
in  the  digester  present  some  points  of  interest,  and  were  made 
the  subject  of  study.  Perfectly  dry  cadmium,  ether,  and  iodide 
of  ethyl,  were  sealed  up  in  a  glass  tube,  which  was  then  placed 
in  the  water-bath,  and  frequently  agitated  during  the  digestion. 
For  the  first  five  hours  there  was  no  visible  action.  During  the 
next  ten  hours  some  crystalline  powder  was  deposited,  afterwards  the 
action  seemed  very  rapid ;  the  cadmium  underwent  great  diminu- 
tion in  volume,  and  a  large  quantity  of  shining  powder  occupied 
the  tube.  This  powder  appeared  more  soluble  in  the  liquid 
within  the  tube  whilst  hot  than  when  cold.  On  breaking  the  tube 
and  bringing  out  the  contents  into  the  air,  they  did  not  fume  at 
all ;  very  unlike  the  behaviour  of  the  resulting  oily  body  which 
exists  in  the  digester  previously  to  the  distillation  of  zinc-ethyl. 
Yet  this  powdery  substance,  which  did  not  fume,  became  hot  on 
exposure  to  the  air,  and  effervesced  violently  with  water,  giving 
a  precipitate  soluble  in  acids.  In  the  distillation  of  cadmium- 
ethyl,  as  I  have  many  times  noticed,  no  fumes  are  given  off  until 
a  temperature  of  about  170°  C.  has  been  attained;  whilst  with 
zinc-ethyl,  hardly  any  of  the  ether  distils  before  the  fuming  on 
exposure  to  air  commences.  These  facts  go  to  prove  that,  as  first 
formed,  and  previously  to  distillation  at  170°  C,  the  cadmium- 
ethyl  exists  in  stable  combination  with  iodide  of  cadmium.  In 
the  case  of  zinc,  there  is  a  feeble  compound  of  iodide  of  zinc  with 
zinc-ethyl,  as  was  pointed  out  by  Frankland.f     But  a  tempera- 

*  The  appearance  of  zinc  in  this  situation  rather  surprised  me,  as  the  cadmium 
employed  in  the  experiments  was  almost  absolutely  free  from  zinc.  Furthermore,  I 
made  an  experiment  some  time  ago  on  the  behaviour  of  brass  filings  on  iodide  of 
ethyl  at  150°  C.   I  found  that  there  was  no  action. 

t  Transactions  of  the  Royal  Society,  1855,  p.  263, 
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ture  which  almost  utterly  breaks  up  the  zinc  compound  into  zinc- 
ethyl  and  iodide  of  zinc,  fails  to  resolve  the  corresponding  cadmium 
body  into  its  proximate  constituents.  Some  attempts  were  made 
to  obtain  this  double  compound  of  cadmium-ethyl  with  iodide  of 
cadmium  in  a  state  of  purity,  but  without  success,  as  no  means 
of  separating  the  free  iodide  of  cadmium  from  the  double  com- 
pound presented  themselves.  Ether  dissolves  iodide  of  cadmium 
slightly,  especially  under  pressure,  and  ether  appears  to  behave 
similarly  with  the  double  compound. 

The  contents  of  the  digester,  after  the  cadmium-ethyl  had 
been  distilled  off  in  the  experiment  on  the  large  scale,  were 
examined.  They  consisted  of  cadmium  unchanged  and  a  grey 
powder.  This  residue  was  treated  with  hot  water,  and  filtered. 
The  filtrate  was  evaporated  to  dryness,  and  the  solid  product 
powdered  and  dried  at  a  temperature  considerably  above  100°  C. 
It  proved  to  be  pure  iodide  of  cadmium,  and  gave  the  foUovsdng 
results  on  analysis: 

Calculated.  Found. 


I         .     .     126-88  69-48  69-42 

Cd      .     .       55-74  30-52  30-29 


182-62  100-00  99-71 

The  residue  on  the  filter  from  which  the  iodide  of  cadmium  had 
been  washed  out  contained  some  oxyiodide  of  cadmium,  which,  in 
all  probability,  was  an  after  product,  due  to  the  reaction  of  finely- 
divided  metallic  cadmium  on  iodide  of  cadmium  when  exposed 
to  air  and  moisture.  This  insoluble  grey  powder,  which  has 
obviously  its  origin  in  the  decomposition  of  cadmium-ethyl  pre- 
viously formed,  was  very  considerable  in  quantity;  a  fact  which 
proves  that  a  considerable  amount  of  cadmium-ethyl  had  been 
in  existence  at  some  period  of  the  operation. 

In  the  experiments  on  the  large  scale,  about  100  grammes  of 
iodide  of  ethyl  had  been  employed  in  the  two  operations,  yet  the 
entire  amount  of  cadmium-ethyl  which  distilled  over  in  these 
operations  could  not  exceed  3  grammes.  It  follows,  therefore, 
that  a  large  proportion  of  cadmium- ethyl  had  been  de- 
composed. 

Seeing:  that  the  contents  of  a  tube — in  which  cadmium  has 
been  digested  with  iodide  of  ethyl  and  ether  in  the  water  bath — 
are  a  white  shining  powder  previously  to  distillation,  and  seeing 
that  products  examined  subsequently  to  distillation  consist  of  a 
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grey  powder,  I  am  entitled  to  conclude  that  this  decomposition 
of  the  cadmium-ethyl  goes  on  to  a  great  extent  during  dis- 
tillation. 

I  have  arrived  at  the  conclusion  that  the  temperature  required 
to  decompose  the  double  compound  of  iodide  of  cadmium  and 
cadmium-ethyl  breaks  up  nearly  all  of  the  cadmium-ethyl,  a  small 
proportion  only  of  that  substance  being  carried  over  unchanged 
by  the  hydrocarbons  generated  in  that  decomposition. 

As  cadmium-ethyl  will  not  distil  at  ordinary  pressures  without 
undergoing  decomposition,  it  was  suggested  to  me  by  Professor 
Frankland  that  cadmium-methyl  would  be  a  more  favourable 
body  for  investigation  than  the  subject  of  this  memoir;  and  as 
the  presence  of  iodide  of  cadmium  is  a  troublesome  complication, 
it  was  likewise  suggested  that  an  alloy  of  sodium  and  cadmium 
should  replace  cadmium  in  the  proposed  experiments. 

It  has  occurred  to  me  also  that  the  employment  of  an  alloy  of 
cadmium  and  zinc  cannot  fail  to  yield  interesting  results,  which 
may  throw  great  light  upon  the  mode  of  fonnation  and  compo- 
sition of  this  class  of  bodies.  This  last-mentioned  train  of  research 
is  already  in  progi^ess,  and  that  named  immediately  before  will  be 
begun  as  soon  as  practicable. 

No  one  who  reads  this  paper  will  doubt  that  the  discovery  of 
zinc-ethyl  was  an  indispensable  preliminary  to  that  of  cadmium- 
ethyl.  To  Professor  Frankland  for  that,  and  assistance  of  a 
more  personal  nature,  I  return  thanks. 


XII. — On  a  Coal-Gas  Carbon  and  Nitric  Acid  Voltaic  Battery. 

By  James  L.,  axd  L.  Wheeler. 

It  Avill  be  readily  acknowledged  that  Grove's  nitric  acid  and 
platinum  battery  is  hitherto  unequalled  for  the  quantity  and 
tension  of  the  electricity  evolved.  It  may,  therefore,  be  regarded 
as  the  instrument  of  standard  excellence.  The  great  expense  of 
the  platinum,  is,  however,  an  obstacle  to  its  general  introduction. 
Many  years  ago,  the  late  Mr.  John  Thomas  Cooper  first 
suggested  the  use  of  carbon  in  tlie  construction  of  the  voltaic  appa- 
ratus, and  Professor  Bun  sen  is  knowTi  to  have  followed  in  the  same 
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track.  Bun  sen's  battery  is  made  with  a  great  amount  of  trouble  • 
and,  when  constructed,  is  liable  to  objections,  particularly  that, 
after  some  use,  it  becomes  inefficient  from  the  porosity  of  the 
carbon,  which  causes  the  rapid  corrosion  of  the  metallic  con- 
nexions. 

Ordinary  gi-aphite  is  a  form  of  carbon,  remarkable  for  its  high 
power  of  conducting  electricity,  and  we  made  many  experiments 
for  applying  it  as  the  receiving  surface  in  the  nitric  acid  battery. 
The  diflSculties  of  this  application  soon  showed  themselves  to  be 
insuperable.  In  the  first  place,  small  plates  only  of  this  substance 
are  obtainable,  many  of  which  were  entirely  disintegrated  as  soon 
as  they  were  brought  into  contact  with  nitric  acid :  its  brittleness 
also  is  such  as  to  render  it  unmanageable.  Having  abandoned 
the  common  graphite  battery,  our  attention  was  next  tui'ned  to  a 
modification  of  Dauiell's,  by  bringing  the  zinc  and  copper  plates 
much  closer  together  than  in  his  original  form  of  apparatus.  The 
quantity  of  sulphate  of  copper,  dissolved  by  dilute  sulphuric  acid, 
is  soon  decomposed  by  the  hydrogen  eliminated  from  the  zinc 
plate,  hence  the  necessity  of  a  constant  supply  of  the  salt  to  keep 
up  the  saturation  of  the  acid.  In  one  experiment  with  two  pairs 
ofDanielPs  cells,  excited  by  dilute  sulphuric  acid,  saturated  with 
sulphate  of  copper,  there  was  only  a  slight  spark  between  points 
of  carbon,  and  hardly  any  perceptible  decomposition  of  water. 
The  copper  plates  used  in  this  instance  measured  5^  inches  by  3, 
and  were  surrounded  in  an  outer  cell  by  a  double  zinc  plate,  well 
amalgamated.  No  amount  of  platinum  wire  could  be  ignited  by 
this  arrangement.  To  maintain  a  large  supply  of  oxide  of  copper 
in  solution,  recourse  was  had  to  the  nitrate,  a  salt  so  much  more 
soluble  than  the  sulphate.  In  this  instance,  a  very  manifest 
increase  of  power  was  obtained,  as  an  inch  of  fine  iron  wire  was 
ignited  by  two  pairs  of  cells,  while  with  the  sulphate  no  such 
eftect  Avas  produced.  A  saturated  aqueous  solution  of  the  nitrate 
was  employed. 

Our  attention  was  next  directed  to  the  application  of  the  carbon 
deposited  in  the  interior  of  coal-gas  retorts,  as  the  receiving 
surface  in  a  cell  with  nitric  acid,  this  carbon  being  liable  to  no 
disintegration  from  contact  with  acids. 

Difiiculties  were  at  first  apprehended  in  procuring  plates  of 
sufficient  size.  We  found,  however,  that  it  could  be  readily  sawn 
across  in  the  thinnest  direction,  by  tlie  aid  of  a  piece  of  cast  iron 
and  sharp  sand ;  the  plate  could  then  be  finished  by  grinding  it 
with  sand  upon  a  stone.     As  entire  plates  of  the  coal-gas  carbon 
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could  thus  be  obtained,  we  introduced  two  of  them  into  cells  with 
nitric  acid.  The  shape  of  these  plates  was  slightly  irregular,  their 
dimensions  being  nearly  5^  inches  by  3.  Five  inches  of  platinum 
wii'e,  of  the  50th  of  an  inch  diameter,  were  heated  to  dull  red- 
ness, and,  from  the  mean  of  three  experiments,  1'9  cubic  inch 
of  the  gases,  from  the  decomposition  of  water,  were  collected  in 
4  minutes  43  seconds,  a  strong  solution  of  carbonate  of  potash 
being  employed  with  iron  electrodes. 

These  two  pairs  of  plates  were  compared  with  two  pairs  of 
Grovels,  with  platinum  plates  of  the  same  dimensions  as  those  of 
the  carbon.  The  two  pairs  of  Grovels  plates  evolved  from  the 
same  solution  1*9  cubic  inch  of  gases  iu  4  minutes  45  seconds, 
or  2  seconds  more  than  with  the  carbon  plates.  The  same  length 
of  the  same  platinum  wire  was  ignited  in  each  case.  In  these 
two  experiments  the  greatest  care  was  employed  in  inserting  as 
many  pieces  as  possible  of  amalgamated  zinc  plate  between  the 
generating  plate  and  porous  cell,  by  which  means  the  internal 
resistance  to  the  current  was  reduced  to  a  minimum.  The  plates 
of  gas  carbon  were  connected  by  slips  of  platinum  foil,  supported 
above  by  slips  of  sheet  zinc,  which  served  to  give  them  strength, 
and  increase  their  conducting  power  by  keeping  them  cool.  The 
dilute  sulphuric  consisted  of  five  measures  of  water  and  one  of 
acid.     The  nitric  acid  was  the  ordinary  material  of  commerce. 

On  one  occasion,  the  immersion  of  the  plates  in  the  acids  was 
continued  for  six  hours  without  any  material  diminution  of  power. 


XIII. — Description  of  a  Self-acting  Washing  Bottle. 
By  William   Stephens  Clark, 

STUDENT   OF   CHEMISTKY   IN  THE   LABOBATOBT   OF  ST.   THOMAS'S   HOSPITAL. 

In  the  "  Philosophical  Magazine"  for  August,  1849,  a  simple 
apparatus  for  washing  precipitates  is  described  by  Mr.  Summers, 
which  acts  by  an  adaptation  of  two  concentric  tubes  to  the  lower 
extremity  of  a  washing  bottle. 

The  following  apparatus  is  founded  on  the  same  principle;  but 
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the  concentric  tubes^  being  passed  through  a  cork  at  the  top 
of  the  reservoir,  the  instrument  is  perhaps  more  convenient  for 
general  use. 


Fig.  1. 


Fig.  2. 


A  wide  tube  (b)  is  inserted  in  the  cork  of  a  bottle  ('a),  so  as 
nearly  to  touch  the  bottom.  A  narrow  tube  (c)  is  bent  into  the 
form  of  a  syphon,  the  shortest  limb  of  which  is  a  little  longer  than 
the  mde  tube,  and  the  other  of  such  a  length  that  when  the  short 
one  is  perpendicular,  the  two  ends  of  the  tube  will  be  on  the  same 
level.  The  end  of  the  longer  limb  {d)  is  slightly  recurved,  in 
order  that  the  water  may  not  disturb  the  precipitate. 

The  bottle  is  now  filled  with  water,  the  cork  fitted  tightly  in, 
and  it  is  placed  so  that  the  bottom  of  the  wide  tube  may  be  below 
the  edge  of  the  filter  paper  in  the  funnel.  The  narrow  tube  is 
placed  inside  the  wide  one  as  in  the  drawing ;  then  by  blowing 
down  the  wide  tube,  water  is  forced  up  through  the  syphon  into 
the  funnel,  but  will  not  be  able  to  rise  above  the  level  of  the 
bottom  of  the  wide  tube,  and  consequently  cannot  reach  the  top 
of  the  filter  paper. 

If,  instead  of  a  bottle,  a  thin  glass  receiver  is  used  (Fig.  II.),  heat 
may  be  applied,  and  the  water  in  the  funnel  will  be  kept  warm; 
but  care  must  be  taken  not  to  allow  the  water  to  boil,  as  in  that 
case  the  water  would  be  forced  too  fast  through  the  syphon,  and 
might  overflow  the  wide  tube,  and  crack  the  receiver. 
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XIV. — On  the  Composition  of  some  Varieties  of  Foreign  Iron. 
By  F.  A.  Abel, 

DIEECTOK  OF  THE  CHEMICAL  ESTABLISHMENT  OF  THE  WAE  DEPAETMENT. 

There  are  few  subjects  of  practical  importance  that  have,  during 
the  last  twelve  months,  attracted  general  attention  in  this  country  to 
the  same  extent  as  the  question  of  the  manufacture  of  iron  ordnance. 
While  numerous  plans  have  been  proposed,  discussed,  and  tried  for 
constructing  cannon,  either  of  wrought-iron,  steel,  or  mechanical 
combinations  of  iron-material  of  different  kinds,  which  shall  be 
capable  of  throwing  larger  and  heavier  projectiles  than  those 
hitherto  used,  the  question  at  issue  has  gradually  become  one  of 
more  general  interest,  involving  considerations  intimately  con- 
nected with  the  metallurgy  of  iron,  in  consequence  of  the  conclu- 
sions deduced  from  the  experience  in  the  late  war,  that  the  condi- 
tions necessary  for  obtaining  a  durable  and  uniform  material  for 
iron  guns  are  as  yet  far  from  being  fully  determined. 

The  American  Government  has  lately  published  a  collection  of 
reports,  containing  some  interesting  and  important  observations 
connected  with  the  manufacture  of  iron  ordnance,  though  it  does 
not  appear  that  the  researches  carried  on  in  that  country,  or  the 
experience  gained  by  the  directors  of  gun  foundries  belonging  to 
various  continental  states,  have  as  yet  effected  much  more  than  the 
provision  of  a  number  of  data  relating  to  the  nature  and  quality  of 
iron  employed,  the  different  methods  of  treating  the  metal  and  of 
casting  the  gun,  and  the  effects  of  mechanical  tests  and  of  the 
explosive  force  of  powder  upon  iron  ordnance.  There  is  little 
doubt  that  the  accumulation  of  such  data,  and  extensive  experi- 
ments suggested  by  their  comparison,  will  ultimately  lead  to  the 
establishment  of  the  conditions  necessary  for  insuring  to  iron 
or(hiance  uniformity  and  durability. 

The  collection  in  this  country  of  such  data  as  those  referred  to 
has  hitherto  been  a  matter  of  great  difficulty,  from  the  circum- 
stances that  iron  ordnance  were  obtained  by  Government  from 
various  private  sources ;  that  no  special  conditions  have  been 
observed  in  the  selection  or  treatment  of  metal  for  ordnance  ;  that 
no  records  of  the  material  employed  by  the  different  manufacturers 
have  been  preserved,  and  that  no  system  of  tests,  physical  or  che- 
mical, has  been  applied  to  the  metal  composing  the  guns,  beyond 
the  regulation  proof  to  which  ordnance  were  submitted  before  their 
acceptance  from  manufacturers.      It  is  obvious  also,  from  these 
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circumstances,  that  no  uniformity  in  the  iron  guns  used  in  this 
country  could  be  expected. 

Now  that  Government  has  determined  to  take  the  manufacture 
of  iron  ordnance  into  its  own  hands^  the  most  serious  obstacles  to 
the  perfection  of  these  important  arms  in  England  are  set  aside,  and 
the  introduction  of  a  complete  system  of  testing  and  of  record, 
together  with  the  results  of  a  very  extensive  series  of  experiments, 
on  a  sufficient  scale,  which  have  already  been  commenced,  will,  it 
is  hoped,  furnish  important  contributions  to  our  knowledge  of  the 
constitution  and  mode  of  treatment  of  iron,  best  adapted  for  the 
manufacture  of  ordnance. 

In  carrpug  out  the  system  of  experiment  determined  upon  by 
Government,  attention  has  been  directed,  in  the  first  place,  to  iron 
reduced  from  its  ores  by  charcoal,  this  being  the  material  employed 
exclusively,  in  some  continental  States,  and  to  a  very  great  extent 
in  others,  in  the  manufacture  of  iron  ordnance.  Much  stress  is 
laid,  by  many  authorities  on  the  continent,  upon  the  greater  fit- 
ness, for  this  purpose,  of  that  description  of  iron  than  of  the  best 
hot-blast,  or  even  of  cold-blast  iron,  smelted  with  coal  or  coke.  It 
appeared,  therefore,  naturally  the  first  step,  in  comparative  experi- 
ments with  various  materials,  to  ascertain  the  nature  of  the  iron 
composing  the  most  durable  guns  manufactured  in  those  countries, 
and  to  determine,  by  comparative  experiments  here,  whether  guns 
manufactured  from  charcoal-iron  exhibit  great  superiority  over 
those  made  according  to  the  same  system  of  iron  reduced  from  its 
ores  by  mineral  fuel.  Various  specimens  of  foreign  charcoal-pig- 
iron,  and  cannon  of  that  metal  made  in  France,  Belgium,  and 
Sweden,  have  been  collected  for  comparative  examination,  and 
considerable  quantities  of  charcoal-iron,  procured  from  Nova 
Scotia,  Sweden,  and  America,  have  been  purchased,  for  experi- 
mental purposes.  The  results  obtained,  up  to  the  present  time, 
are  principally  those  furnished  by  the  analysis  of  several  of  these 
specimens  ;  and  I  venture  to  submit  these  to  the  Chemical  Society, 
as  they  exhibit  some  points  of  interest,  and  may  also  serve,  to 
others  engaged  in  similar  inquiries,  as  additional  means,  to  those 
already  existing,  of  comparing  the  constitution  of  the  varieties  of 
charcoal-iron  with  that  of  other  descriptions  of  iron. 

It  is  unnecessary,  in  the  present  instance,  to  enter  into  analy- 
tical details ;  but,  as  various  methods  are  employed,  by  different 
chemists,  for  determining  the  most  important  constituents  in  iron, 
it  may  be  advisable  to  furnish  a  brief  outline  of  those  adopted  in 
performing  the  subjoined  analyses. 
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The  graphite  was  determined  by  digesting  the  finely-pulverized 
ii'on  with  concentrated  hydrochloric  acid,  and  boiling  the  residue 
for  some  time  with  a  moderately-strong  solution  of  potassa  :  the 
graphite  was  collected,  washed,  dried,  and  weighed.  It  was  after- 
wards placed  in  a  capsule  and  heated  to  redness  in  a  muffle,  until 
the  whole  of  the  carbon  was  burnt  off.  The  weight  of  the  slight 
incombustible  residue  which  was  generally  obtained  was  deducted 
from  the  weight  of  the  graphite. 

For  the  determination  of  the  total  amount  of  carbon  the  iron  was 
reduced  to  an  extremely  fine  state  of  division;  it  was  then  first 
mixed  with  about  twice  its  bulk  of  fine  sand,  or  powdered  glass, 
and  afterwards  with  a  mixture  of  chromate  of  lead  and  chlorate  of 
potassa.  The  combustion  was  conducted  in  the  usual  manner,  a 
current  of  oxygen  being  frequently  employed. 

The  proportion  of  sUicium  was  ascertained  by  acting  upon  the 
finely-divided  metal  with  concentrated  hydrochloric  acid,  evaporat- 
ing to  dryness,  and  digesting  the  residue  with  hydrochloric  acid. 
The  insoluble  portion  was  collected  upon  a  filter,  washed  until  free 
from  iron,  dried,  and  ignited  until  the  whole  of  the  carbon  was 
burnt  off.  The  silicic  acid  thus  obtained  was  digested  with  solu- 
tion of  potassa,  after  its  weight  had  been  determined.  If  any 
insoluble  residue  was  obtained  its  weight  was  deducted  from  that 
of  the  silicic  acid. 

To  determine  the  proportion  of  sulphur,  hydrochloric  acid  was 
allowed  to  act  very  slowly  upon  fragments  of  the  iron,  in  a  suitable 
apparatus,  and  the  gas  generated  was  passed  through  a  slightly 
acid  solution  of  acetate  of  lead.  The  sulphide  of  lead  produced 
was  collected,  washed,  and  ultimately  weighed  as  sulphate  of  lead. 

The  phosphorus  was  determined  by  digesting,  in  nitrohydro- 
chloric  acid,  fragments  of  the  metal,  of  the  size  of  small  peas, 
evaporating  the  solution  to  diyness,  digesting  the  residue  with 
hydrochloric  acid,  aud  separating  the  insoluble  from  the  soluble 
portion.  The  hydrochloric  solution  was  partly  neutralised  by 
sesquicarbonate  of  ammonia,  and  the  greater  part,  if  not  the  whole, 
of  the  sesquichloride  of  iron  reduced  to  protochloride,  by  sulphite 
of  ammonia.  Solution  of  acetate  of  ammonia  was  then  added  in 
excess,  and  afterwards  a  small  quantity  of  solution  of  sesquichloride 
of  iron.  The  phosphate  of  iron  was  precipitated  by  boiling, 
collected,  and  dissolved  in  hydrochloric  acid,  and  decomposed  by 
sulphide  of  ammonium.  The  phosphoric  acid  was  estimated  in  the 
usual  manner,  as  pyrophosphate  of  magnesia. 

In  the  following  table  is  represented  the  percentage  composition 
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of  several  specimens  of  iron^  reduced  from  its  ores  by  charcoal,  as 
calculated  from  the  analytical  results : — 


TABLE  I. 
Composition  of  Pig  Iron  smelted  with  Charcoal  obtained  from 


Nova  Scotia. 

America. 

Feance. 

Silesia. 

Grey. 

Mottled. 

UTiite. 

Grey. 

Mottled. 

White. 

Grey. 

White, 
very  crys- 
talline. 

■«Tiite, 

less  cryi- 
talline. 

Specific  gravity... 

7120 

.7-540 

7-690 

7-159 

7-540 

7-675 

7'000 

7-531 

7-604 

9o-20 

311 

Ml 

■01 

■13 

•25 

95-35 
1-73 
1-38 
•26 
•03 
1-30 
trace 

9525 
2-96 

•21 

•02 

1-53 

94-87 
•04 
307 
1-80 
trace 
-23 
trace 
trace 

96-35 

114 

1-50 

•79 

•01 

•20 

trace 

trace 

96-55 
2-79 

•32 
•06 
•17 

trace 

95-18 

3-40 
•80 
•03 
•45 

Traces  of 

Arsenic 

and 

Cliromium 

93-45 
4^94 

■75 
trace 

-12 

5-38 

•24 

90-75 
362 

Combined  CaiboD 
Graphite 

Silicium 

•25 

Sulphur 

Phosphorus   

Manganese     

Copper    

3-26 
200 

Trace 

,  of  Titan 

urn  and  C 

oljalt. 

Traces  o 

f  Cobalt. 

The  specimens  of  white  iron  from  Silesia  differ  from  one  another 
in  several  respects,  and  to  such  an  extent,  as  to  prove  that  they 
Avere  obtained  from  different  ores.  Both  were  very  hard  and 
brittle ;  but  the  ore  containing  the  largest  amount  of  manganese 
exhibited  a  foliated  structure  and  brilliancy  of  lustre,  very  similar 
to  that  of  refined  antimony,  while  the  other  specimen,  rich  in 
phosphorus,  was  less  brilliant  and  far  more  compact.  These  irons 
were  proposed  for  admixture  with  dark  grey  iron ;  but  it  was  con- 
sidered that  they  could  not  be  advantageously  employed  for  this 
purpose. 

The  French  iron  examined  was  a  specimen  of  the  metal  reduced 
by  charcoal  from  hsematite-ores,  at  the  Government  cannon 
foundry  of  Ruelle,  and  employed  exclusively  in  admixture  with 
charcoal-iron  also  reduced  from  similar  ores  in  the  neighbourhood, 
for  the  manufacture  of  ordnance.  It  was  dark,  soft,  fine-grained, 
and  uniform  in  texture.     In  its  general  characters  it  was  similar  to 
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the  Swedish  grey  iron  analysed,  though  exhibiting  a  superiority 
over  the  latter  in  reference  to  the  amount  of  silicium  it  contains. 

The  specimens  of  American  and  Nova  Scotia  iron  analyzed  were 
taken  as  average  samples  from  large  parcels  of  the  metal  purchased 
by  Government  for  experimental  purposes. 

The  different  varieties  of  iron  from  each  source  exhibit  such  dif- 
ferences in  their  composition  as  are  generally  observed  in  irons 
reduced  from  the  same  ore  under  modified  conditions.  Both  the 
Nova  Scotia  and  American  irons  are  of  excellent  quality,  and 
furnish  the  best  results  when  submitted  to  physical  tests.  Compa- 
rative trials  are  about  to  be  made  of  their  merits  as  gun-metal. 

The  subjoined  table  exhibits  the  results  of  the  analyses  of  four 
specimens,  from  guns  of  foreign  manufacture. 


TABLE  II. 

Composition  of  Iron  Gun  Metal  from 


Specific  gravity 

Iron   

Combined  Carbon 

Graphite    

Silicium    

Sulphur 

Phosphorus   

Manganese    

Titanium  


Belgium. 


•250 


95 


61 


2-12 
•99 
•06 
•29 
•15 
traces 

Traces  of 

Chromium, 

Arsenic,  Zinc, 

and  Copper. 


France. 


7-250 


96-02 

1-03 

1-87 

•35 

•03 

•45 

•25 

traces 

Traces  of 

Chromium 

and  Tin. 


Sweden. 


7-050 


95^87 

•18 

2-62 

119 

•08 

•11 

trace 

trace 

Traces  of 
Chromium. 


Russia. 


7-135 


94-36 

-47 

2-83 

1-10 

•02 

•37 

•85 

trace 

Traces  of 
Tin. 


The  Swedish  metal  examined  has  great  resemblance  to  that 
composing  the  Russian  gun  which  was  one  of  those  lately  captured 
and  selected  for  experiment.  A  severe  proof  to  which  this  gun 
was  submitted  showed  that  the  metal  composing  it  was  of  excellent 
quality. 

The  Swedish  metal  was  of  a  uniform  light  grey  colour,  while 
the  Russian  gun  exhibited  a  slightly  mottled  appearance.  Both 
contained  the  graphite  in  a  finely  divided  state.  It  is  worthy  of 
remark,  that  the  strength  and  durability  of  Swedish  iron  guns  is 
found  to  be  variable ;  which   circumstance  is  ascribed  to  the  very 
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general  practice  of  casting  the  guns  directly  from  the  blast  furnace, 
instead  of  first  submitting  the  metal  to  treatment  in  reverberatory 
furnaces. 

The  specimen  of  French  gun- metal  was  obtained  from  the 
cannon  foundry  at  Ruelle.  It  resembled,  in  a  remarkable  manner, 
several  specimens  of  iron  gun-metal  obtained  from  the  cannon 
foundry  at  Liege,  of  which  the  composition  of  an  average  sample 
is  also  given  in  the  above  table.  Both  kinds  were  mottled  iron  of 
very  uniform  character,  exhibiting  a  short  and  regular  fracture, 
and  a  fine  and  compact  structure.  Their  specific  gravities  are 
identical,  and  the  diflferences  exhibited  in  their  composition  are  but 
sHght.  For  the  preparation  of  the  French  gun-metal,  a  mixture  of 
various  descriptions  of  charcoal  pig-iron,  obtained  at  Ruelle,  is 
made  with  grey  pig-iron,  from  other  similar  iron  works  in  the 
neighbourhood  {e.g.  from  La  Chapelle  and  Etouars)  with  old 
French  cannon,  and  with  the  "  dead-heads"  from  former  castings. 
By  a  protracted  treatment  in  reverberatory  furnaces,  these  metals 
undergo  thorough  mixture,  and  purification  at  the  same  time,  and 
are  converted  into  the  uniform  mottled  metal  above  referred  to. 
The  fuel  used  for  the  remelting  and  mixing  is  Newcastle  coal. 

At  the  Belgian  Government  cannon  foundry  a  certain  proportion 
of  hot-blast  iron,  smelted  with  coke,  is  employed  in  admixture  with 
old  cannon,  "  dead  heads,"  and  charcoal  pig-iron,  obtained  from 
various  smelting  works,  more  particularly  in  the  neighbourhood  of 
Charleroi.  The  fuel  used  for  the  remelting  is  a  semi-anthracite 
coal,  from  Belle  Vue,  in  the  neighbourhood  of  Liege,  and  has  the 
following  percentage  composition  : — 

Carbon       ....  85*56 

Hydrogen ....  4*20 

Oxygen      ....  2*40 

Nitrogen    .         .         .         .  1-92 

Sulphur     ....  1-00 

Ash            ....  4-92 

The  percentage  of  phosphoric  acid  in  the  ash  is  1-60. 

The  same  care  is  taken  to  ensure  the  production  of  a  metal  of 
uniform  structure,  as  at  Ruelle ;  and  the  excellent  results  obtained 
by  the  proof  of  the  guns,  and  by  the  mechanical  tests  to  which  the 
metal  is  submitted,  bear  very  strong  evidence  in  favour  of  the 
superiority  of  iron  of  the  particular  constitution  and  structure  pro- 
duced in  Belgium  and  France,  for  the  manufacture  of  guns,  over 
other  kinds  of  iron,  even  equal  to  it  in  chemical  quality. 
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Unquestionably  the  repeated  exposure  of  grey  iron  to  a  mode- 
rately oxidising  action,  in  the  reverberatory  furnace,  has  the  effect 
of  improving  its  quality,  and  of  removing  one  of  the  impurities 
most  objectionable  in  iron  which  is  to  possess  tenacity  and  elasti- 
city, namely,  silicium.  In  experiments  lately  made,  in  connection 
with  some  patent  processes  for  impro\ing  the  quality  of  iron,  it 
was  found  that  the  oxidising  action  of  air  upon  highly-heated  iron 
had  the  effect  of  removing  the  silicium  entirely,  before  the  amount 
of  carbon  existing  in  the  metal  was  diminished  in  any  sensible 
degree.  The  close-grained  and  very  uniform  structure  of  the  iron 
produced  by  the  mixing  and  remelting  processes,  on  the  continent, 
and  the  very  finely  divided  condition  in  which  the  graphite  exists 
in  the  iron,  are  elements  affecting  the  durability  of  the  gun-metal, 
of  equal  importance  to  the  purity  of  ii'on.  Some  pieces  of  iron 
ordnance  which  have  either  burst  upon  proof,  or  after  haiing  been 
but  a  short  time  in  use,  and  the  metal  composing  which  was  of 
good  quality  and  even  of  an  unusually  pure  description,  e^^ldently 
owed  their  incapability  to  resist  the  force  of  gunpowder  to  the 
comparatively  loose  structure  of  the  metal,  and  to  the  existence  of 
the  graphite  in  large  scales.  There  are,  moreover,  various  points 
to  be  taken  into  considei'ation,  in  connection  with  the  method  of 
casting  guns,  which  cannot  be  entered  into  here ;  but  which,  doubt- 
less, greatly  influence  their  physical  structure  and,  consequently, 
their  durability. 

It  would  be  premature  to  attempt  a  comparison  between  the 
merits  of  charcoal-iron  and  those  of  the  better  qualities  of  British 
cold-blast  iron,  as  materials  for  ordnance,  from  results  of  analysis 
alone;  but  thus  much  is  certain,  that  iron  smelted  with  mineral  fuel 
may  be  obtained  in  abundance  in  this  country,  which  contains  not 
more  phosphorus  or  sulphur  than  are  found  in  average  specimens 
of  charcoal-iron,  and  that  abundant  proofs  already  exist  of  the  ease 
with  which  silicium  may  be  removed  from  pig-iron,  by  judicious 
treatment.  It  may,  therefore,  be  confidently  expected  that  future 
experiments  on  the  casting  of  ordnance,  with  various  kinds  of  iron, 
will  prove  that  we  are  not  dependent  upon  a  supply  of  charcoal- 
iron,  for  the  production  of  durable  guns. 

As  an  appendix  to  this  communication,  I  beg  to  lay  before  the 
Society  the  results  of  analysis  of  a  specimen  of  the  cast  steel 
manufactured  by  Krupp,  of  Essen,  of  which  such  beautiful  speci- 
mens were  exhibited  at  the  Paris  Exposition  of  1855. 

This  cast-steel  was  proposed,  by  M.  Krupp,  as  a  material  for 
ordnance,  as  far  back  as  1847,  and  the  first  small  gim    (a  3  pr.) 
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cast  of  it  was  submitted  to  very  severe  tests^  in  Berlin,  in  1849, 
and  finally  proved  to  bursting.  A  12-pr.  gun,  of  the  same  mate- 
rial, was  afterwards  sent  for  trial  to  this  country  (early  in  1855), 
after  having  hkewise  withstood  very  severe  tests.  At  about  the 
same  time,  a  cylinder  of  the  cast  steel  was  sent  from  Essen,  and 
bored  by  ]\Iessrs.  Walker,  of  the  Gospel  Oak  Works,  to  the  calibre 
of  an  8-inch  gun.  Its  breech  was  fitted  with  a  cast-iron  case,  or 
jacket,  the  thickness  of  which  was  10  inches  at  the  breech,  and  8'5 
in  front  of  the  trunnions.  The  weight  of  the  gun  complete  was 
8  tons  5  cwt.  The  case  was  in  contact  with  the  steel  barrel  only  at 
its  two  extremities,  at  the  breech  and  the  middle  of  the  barrel ;  at  the 
latter  place  a  wrought-iron  wedge-ring  was  fitted  into  the  barrel, 
and  fixed  to  the  jacket  by  screws.  This  gun  was  proved  at  Wool- 
wich, but  burst  the  first  time  it  was  fired.  The  probable  cause  of 
this  unexpected  result  has  been  a  subject  of  some  public  discussion 
in  Germany,  but  there  is  little  doubt  that  it  was  due  to  the  injudi- 
cious form  of  projectile  (weighing  259  lbs.)  which  the  parties  who 
proposed  to  Government  the  experiments  with  cast  steel,  and  pro- 
vided the  gun  for  trial,  insisted  upon  employing  for  the  proof. 

The  gun  was  broken  into  ten  large  pieces  and  a  number  of  small 
fragments.  The  various  fractures  of  the  cast  steel  did  not  exhibit 
any  imperfections,  to  which  the  bursting  of  the  gun  could  have 
been,  ascribed.  The  metal  was  very  uniform,  compact,  and  hard. 
A  fragment  was  selected  for  analysis,  and  furnished  the  following 
results  : — 

One  hundred  parts  contained — 


Iron  .         .         . 

98-05 

Combined  carbon 

I-I8 

Silicium     . 

0-33 

Phosphorus 

0-02 

Manganese 

trace 

Cobalt  and  Nickel 

0-13 

Copper 

0-30 

No  sulphur  was 

detected. 

The  specific  gravitv  of  the  specin 

len 

analysed  was 

found  to  be 

836. 
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On  Iiisolinic  Acid.* 
By    A.    W.    Hofmann. 

On  attempting  to  purify  crude  cuminic  acid,  by  boiling  it  with 
a  mixture  of  sulphuric  acid  and  bichromate  of  potassium,  it  was 
observed  that  the  cuminic  acid  is  gradually  transformed  into  a  new 
acid,  for  which  I  would  propose  the  provisional  name  of  insolimc 
acid. 

If  one  part  of  cuminic  acid  be  boiled  with  8  parts  of  concen- 
trated sulphuric  acid  and  12  parts  of  water,  care  being  taken  to 
condense  that  which  is  volatilized,  (\dz.,  cuminic  acid  and  water,) 
and  to  return  it  to  the  seat  of  the  reaction  by  means  of  a  long 
upright  tube,  connected  with  the  flask,  the  transformation  is 
accomplished  in  about  12  hours.  The  crystals  of  cuminic  acid 
deposited  in  the  neck  of  the  flask  and  in  the  condenser-tube  at  the 
commencement  of  the  operation  disappear;  and,  after  cooling, 
there  will  be  found  floating  upon  the  green  liquid  a  white  flour- 
like powder  (insolinic  acid).  This  liquid  also  retains  in  suspension 
a  greenish,  half- fused  mass  (insolinate  of  chromium).  The  liquid 
is  now  filtered,  the  insoluble  mixture  washed  with  water,  in  order 
to  remove  the  soluble  chromium-salt,  and  the  residue  boiled  with 
ammonia;  insoluble  sesquioxide  of  chromium  is  then  separated, 
insolinic  acid  passing  into  solution.  The  ammoniacal  solution,  on 
saturation  with  hydrochloric  acid,  furnishes  a  white  powder,  which, 
when  repeatedly  boiled  with  water,  or  heated  Avith  boiling  alcohol 
(for  the  purpose  of  remoWng  any  adhering  cuminic  acid),  consti- 
tutes pure  insolinic  acid. 

This  substance  is  a  white  powder,  tasteless  and  inodorous,  and 
apparently  without  crystalline  structure;  it  appears  crystalline, 
however,  under  the  microscope.  Insolinic  acid  is  scarcely  dissolved 
by  water ;  it  is  almost  insoluble  in  alcohol,  and  perfectly  insoluble 
in  ether.  From  an  aqueous  solution,  saturated  when  hot  (which 
possesses  a  distinctly  acid  reaction),  it  is  deposited  on  cooling  in 
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the  form  of  a  powder,  consisting  of  extremely  minute  crystals. 
Insolinic  acid  is  readily  dissolved  by  the  fixed  alkalies,  and  also 
by  ammouia,  which  it  perfectly  neutralizes.  When  boiled  with 
the  alkaline  carbonates,  it  expels  their  carbonic  acid.  It  is  insoluble 
in  concentrated  sulphuric  acid,  and  the  solution  may  be  heated 
without  becoming  black ;  on  addition  of  water,  the  acid  is  repre- 
cipitated  unchanged;  no  effect  results  from  continued  ebullition 
with  the  strongest  acid.  Insolinic  acid  fuses  only  at  a  very  high 
temperature;  its  fusing  point  and  boiling  point  nearly  coincide. 
Submitted  to  distillation,  a  portion  of  the  acid  sublimes  unaltered, 
another  portion  is  decomposed  with  formation  of  benzoic  acid  and 
benzol,  carbonic  acid  being  evolved,  and  a  residue  of  carbon 
remaining  in  the  retort. 

Combustion  of  insolinic  acid  has  furnished  the  following  results : 

I.     0"233  grm.  of  acid     0"511  carbonic  acid     0*087  water 
II.     0-3325  „  0-724  „  0-130 

III.     0-3005  „  0-6605  „  0-120 

These  numbers  lead  to  the  formula 

CgH.O,,  or  CigHgO, 
Theory.  Experiment. 


I. 

n. 

m:. 

Mean. 

C,8  =  108 

60-00 

59-82 

59-37 

59-92 

59-70 

Hg  =      8 

4-44 

4.14 

4-34 

4-43 

4-30 

Og   =     64 

35-56 

— 

— 

— 

— 

180  100-00 
Hence   foUows   that    the  new    acid   is    derived   from   cuminic 
acid  by  the  partial  oxidation  of  its  carbon  and  hydrogen,  oxygen 
being  fixed  at  the  same  time. 

C.20H12O4  +  120  =  2CO2  +  4H0  +  CigHgOg 

Cuminic  acid.  Insolinic  acid. 

The  evolution  of  carbonic  acid  is  readily  demonstrated  by 
experiment. 

The  formula  C^gHgOg  has  been  confirmed  by  the  analysis  of 
several  salts. 

Silver-Salt. — This  is  separated  in  the  form  of  a  white  amorphous 
curdy  precipitate,  on  decomposing  the  ammonia  salt  by  nitrate  of 
silver.  It  requires  long  continued  washing,  together  with  careful 
exclusion  of  light.  A  combustion  and  several  silver- determinations 
furnished  the  following  results  : 

0-0455  water,  and  0-1835  silver 


p2 


I. 

0-3350 

grm. 

silver-salt 

0-3348  carb.  acid     0-045 

11. 

0-3455 

0-1891  silver 

III. 

0-4157 

0-2274    „ 

IV. 

0-3233 

0-1778    „ 

V. 

0-8030 

0-4380     „ 

VI. 

0-9710 

0-7027  chloride  of  silver 

VII. 

0.1910 

0-1-380 
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These  analytical  results  lead  to  the  formula 

Experiment. 

Theory.  /  ^  ,, — \ 

-  •' ^  I.         n.        m.        rv.        v.         vi.       vn.       Mean. 

Ci8.  .  108  27-41  27-25      —        —          _        _        _        _  27-25 

Hg   .  .  6  1-52  1-507    —        —         _        —        —        _           1-507 

Agj.  .  216  64-82  '54-77    54-73    54-70    54-99    54-54    54-46    54-34  54-64 

Og    .  .  64  16-25  _______             _ 

390  100-00 
Silver-determination  YII.,  relates  to  a  salt,  the  acid  of  which 
had  been  boiled  for  eight  days  -with  the  oxidizing  mixture,  a  proof 
that  insolinic  acid  is  not  further  changed  in  this  manner.  In  this 
analysis,  the  acid  -svhich  was  separated  on  addition  of  nitric  acid 
was  likewise  collected  and  weighed.  0-191  grm.  silver-salt  fur- 
nished 0*0865  gi'm.  =  45-28  per  cent,  of  acid,  whilst  46-15  per  cent, 
should  have  been  obtained. 

Copper-Salt. — A  light  blue  salt,  which  is  precipitated  on  mixing 
a  neutral  solution  of  insolinic  acid  with  sulphate  of  copper.  Ana- 
lysis furnishes  the  following  numbers  : 

I.     0-7805  copper  salt  0-3185  oxide  of  copper 

II.     0-7085         „  0-2885 

according  to  which  the  precipitate  appears  to  be  a  basic  compound, 
probably 

CisCHgCu^lOg,  no,  CuO 

Experiment. 

Theory.  i.  n. 

Copper  32-78  3258         3255 

Barium-Salt. — Dilute  solutions  of  insolinate  of  ammonium  are 
not  precipitated  by  salts  of  barium ;  on  mixing  concentrated  solu- 
tions, a  white,  more  or  less  crystalline,  precipitate  is  produced, 
which  may  be  washed  with  cold  water.  For  analysis,  the  salt  was 
dried  at  between  120°  and  130°  C,  the  barium  was  estimated  as 
carbonate,  and  in  one  case  as  sulphate. 

I.     0-4290  barium-salt  02700  carbonate  of  barium 

II.     0-2760  „  01728 

III.  0-4045  „  0-2545  „  „ 

IV.  0-5210  „  0-3280  „  „ 

V.     0-6920  „  0-5115  sulphate  of  barium. 

These  numbers  correspond  to  the  formula  — 
Cj3(H,Ba,)03 

Experiment. 
Theory.  ^  ^ 

I.  n.  in.  IV.  V.  Mean. 

C,„    .     .     108      34-28  _  _____ 

H.     .     .         6         1-90  ______ 

Baj   .     .     137       43-49  4379         4351         43-73         43-78         43-45         43-65 

Og     .     .       64       20-33  ______ 

315     100-00 
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In  a  further  analysis,  VI.,  0*356  barium-salt  were  decomposed 
by  hydrochloric  acid  and  the  separated  insolinic  acid  collected. 
It  amounted  to  0'2020  grm.  =  56-74  per  cent.,  whilst  57-14  per 
cent,  of  acid  should  have  been  obtained. 

Calcium-Salt. — This  is  obtained  as  the  barium-salt,  which  it 
also  much  resembles  in  its  physical  properties.  When  dried  at 
100°  C,  it  contains— 

CisCHgCa^Ps  +  6  Aq. 

I.     0-504.  calcium-salt       0-1870  carbonate  of  calcium 
II.     0-436  „  0-1645 

III.     1-005  „  0-2000 


Theory. 


Experiment. 


Mean. 


Ci8. 

108 

39-70 

He  . 

6 

2-20 

Ca2. 

40 

14-70 

O3  . 

64 

23-60 

6  HO. 

54 

19-80 

14-84         15-08  —  14-96 

—  —  19-90  19-90 

272     100-00 

The  water  escapes  between  120°  and  130°  C ;  when  dried  at  this 
temperature,  the  salt  has  the  composition 

CisCHeCa^Ps 
as  demonstrated  by  the  following  determination : 

0*800  salt  gave  0*3735  carbonate  of  calcium. 

Theory. 

Experiment. 

18*67 


^18 

.  108 

49*54 

He  . 

6 

2-75 

Ca2  . 

.   40 

18-35 

Os   . 

.   64 

29-36 

218 

100-00 

Potassium-Salts. — Of  these  there  are  two,  one  neutral  and  one 
acid. 

(a.J  Neutral  Potassium-Salt. — This  is  precipitated  as  a  crystal- 
hue  powder,  upon  mixing  the  saturated  solution  of  insolinic  acid 
in  aqueous  potassa,  -s^-ith  strong  spirits  of  wine.  When  dry,  the 
salt  exhibits  a  remarkable  satiny  lustre. 

Analysis  fui-nished  the  following  results : 

I.  0-5280  potassium  salt  gave  1-002  potassiochloride  of  platinum 
II.  0-3176         „  „  0-220  acid 

III.  0-5280         „  „  0-366    „ 
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The  formula 

Cl8(H6K2)08 

requires  the  following  values : 

Theory.  Experiment, 

Ci8  .  .     108  42-19  — 

Hg  .  .         6  2-34  — 

K2  .  .78  30-46  30-38 

Og  .  .64  25-01  — 


256      100.00 
Percentage  of  acid  corresponding  to  the  neutral  potassium-salt ! 

Experiment. 


Theory.  11.  ni. 

70-31  69-27  69-30 

fb.)  Acid  Potassium-Salt. — This  is  formed  by  boiling  the  solu- 
tion of  the  neutral  salt  with  an  excess  of  insolinic  acid ;  from  the 
hot  filtered  solution  there  separate^  on  cooling,  small  crystalline 
scales,  which  contain 

Ci8(H,K)03 

I  have  made  a  determination  of  the  acid  only.  04025  of  the 
acid  salt  gave  0-3305  acid;  percentage  of  acid  corresponding  to 
the  acid  potassium  salt : 

Theory.  Experiment. 

82-56  82-11 

Potassium-Sodium-Salt. — I  have  endeavoured  to  obtain  addi- 
tional evidence  of  the  bibasic  nature  of  insolinic  acid,  by  producing 
a  compound  which  should  contain  the  two  alkali-metals.  On 
precipitating  the  solution  of  the  acid  potassium-salt  with  carbonate 
of  sodium,  a  salt  is  thrown  down,  the  analysis  of  which  has  actually 
led  to  the  formula 

C,8(HeKNa)03 

0-1955  potassium-sodium-salt  gave  0-1985  potassiochloride  of 
platinum. 

^'  Experiment. 

45  00  — 

2-50  — 

16-25  16-16 

9-58  — 

26-67  — 


^18 

.     108 

He     . 

6 

K       . 

.       39 

Na     . 

.       23 

o«    . 

.       64 

240       10000 


In  the  above  potassium-determination,  the  insolinic  acid,  sepa- 
rated on  addition  of  hydrochloric  acid,  was  likewise  collected. 
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0-1955  salt  furnished  0'1456  acid. 

Percentage  of  acid  corresponding  to  the  potassium-sodium-salt : 

Theory.  Experiment. 

75-0  74-47 

Unfortunately  it  is  not  possible  to  obtain  the  preceding  com- 
pound by  crystallization;  it  mighty  therefore,  be  nothing  but  a 
mechanical  mixture  of  the  neutral  potassium-salt  and  the  neutral 
sodium-salt.  Too  much  argumentative  value  must  not  therefore 
be  attached  to  the  analysis  of  this  compound. 

Under  these  circumstances,  the  study  of  insolinic  ethers  would 
be  possessed  of  a  special  interest.  The  formation,  however,  of 
these  ethers  can  only  be  accomplished  with  the  greatest  difficulty, 
in  consequence  of  the  iusolubihty  of  the  acid.  They  were  actually 
obtained  by  the  action  of  iodide  of  ethyl  on  the  silver-salt  in  sealed 
tubes,  and  likewise  by  treating  the  acid  suspended  in  alcohol  with 
hydrochloric  acid,  but  not  in  quantity  sufficient  to  admit  of  careful 
study.  I  can  only  affirm  that  there  exist  two  ether-compounds, 
the  one  possessing  acid  properties,  the  other  neutral ;  both  may  be 
separated  by  potassa,  and  probably  contain 
C,3[H,(C,H,)]0s 

I  have,  however,  no  analytical  evidence  to  oflfer  for  this 
assumption. 

The  following  table  comprises  all  the  compounds  of  insolinic 
acid  which  have  been  analyzed : 


Acid     .         .         .         . 

^18                     8 

08 

Silver-salt     . 

Ci8  (He  Ag,) 

08 

Copper-salt  . 

C,8  (He  Cu,) 

Og  +  HO,  CuO  (?) 

Barium-salt  . 

Ci8  (He  Ba^) 

08 

Calcium-salt — 

at  100°  C 

Ci8  (He  Ca,) 

Og  +  6  HO 

at  130°  C 

Ci8  (He  Ca^) 

08 

Potassium-salt — 

neutral. 

^18  (He  K2) 

08 

acid 

C18  (H,  K) 

Os 

Potassium-sodium-salt  . 

C,3  (Hg  K  Na) 

08 

It  now  only  remained  to  examine  the  behaviour  of  insolinic  acid 
and  its  compounds  under  the  influence  of  heat.  On  rapidly  heat- 
ing these  substances,  an  aromatic  odour  is  evolved,  strongly 
reminding  one  of  benzoic  compounds.  In  fact,  benzoic  acid  and 
benzole  are  found  in  greater  or  less  quantity  among  the  distillation- 
products  of  insolinic  acid.  When  an  intimate  mixture  of  insolinic 
acid  and  pumice  stone  is  distilled  rapidly  over  a  naked  flame,  and 
the  semi-crystalline  deposit  condensed  in  the  neck  of  the  retort 
is  heated  with  boiling  water,  benzoic  acid  in  rather  considerable 
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quantities  is  dissolved^  and  crystallizes  on  cooling.      The  residue 
is  insoliuic  acid,  which  has  distilled  unchanged.     The  nature  of 
both  substances  was  fixed  by  a  number ;  that  of  benzoic  acid  by 
the  determination  of  the  silver  in  the  silver-salt. 
0*242  grm.  silver  salt  gave  0'1188  silver. 

Percentage  of  silver  in  benzoate  of  silver : 


C,,(H,Ag)0, 

Theory. 

Experiment. 

47-i 

47-0 

Insolinic  acid  was  identified  by  the  analysis  of  the  barium-sail. 
In  fact,  determination  VI.,  in  the  preceding  analysis  of  the  barium 
compound,  refers  to  salt  prepared  with  the  sublimed  acid. 

On  distilling  a  mixture  of  insolinic  acid  and  caustic  baryta,  a 
transparent  liquid  passes  over,  carbonate  of  barium  mixed  with 
charcoal  remaining  in  the  retort.  The  liquid  was  identified  as  pure 
benzol,  both  by  the  determination  of  the  boiling  point  and  by  its 
transformation  into  nitrobenzole  and  aniline. 

The  conversion  of  insolinic  acid  into  benzol  was  eflfected  on  a 
rather  extensive  scale,  for,  in  fact,  I  was  by  no  means  prepared  for 
this  metamorphosis. 

Considerations  to  which  I  shall  have  to  revert  at  the  conclusion 
of  this  note,  had  led  me  to  expect  the  production  of  toluol  (CJ4H8) 
according  to  the  equation — 

CigHgOg  =  4CO2  +  Cj^Hg 

Insolinic  acid.  Toluol. 

Careful  and  repeated  experiments  have,  however,  satisfied  me 
that  insolinic  acid  does  not  furnish  a  trace  of  toluol  under  these 
circumstances.  The  molecule  of  the  acid  experiences  a  more  pro- 
foundly pervading  change,  as  is  evident  from  the  separation  of  the 
carbon.  The  transformation  of  insolinic  acid  into  benzoic  acid 
and  benzol  may  be  exhibited  by  the  following  equations — 

C14H6O4 

Insolinic  acid.  Benzoic  acid. 

C.sHgOg  =  2H0  +  3CO2  +  C3  +  C.^He 

.  Insolinic  acid.  Benzole. 

The  formation  of  insolinic  acid  from  cuminic  acid  led  to  the 
examination  of  some  allied  bodies  in  the  same  direction. 

Nitrocuminic  acid,  boiled  for  several  days  with  chromate  of  potas- 
sium and  sulphuric  acid,  did  not  exhibit  the  slightest  alteration.  The 
homologous  benzoic  acid  was  not  attacked  by  the  oxidising  mixture, 
even  after  havdng  been  boiled  with  it  for  weeks.     Toluylic  acid. 
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standing,  as  it  does,  between  benzoic  and  cuminic  acid,  appeared  to 
promise  a  different  result.  Tolnylic  acid  was,  as  is  well  known,  pro- 
duced by  Xoad,  on  submitting  CYmol(the  hydro-carbon  accompany- 
ing the  aldehyde  of  cuminic  acid  in  Roman  cumin  oil)  to  dilute  nitric 
acid.  The  preparation  of  toluylic  acid,  by  means  of  nitric  acid,  is, 
however,  an  extremely  irksome  and  tedious  operation.  It  is  neces- 
sary to  employ  the  nitric  acid  so  extremely  dilute  as  hardly  to  act 
on  the  hydrocarbon ;  otherwise,  nitrotoluylic  acid  only  is  obtained. 
I  had  hoped  to  arrive  at  a  more  rapid  result  by  the  action  of  the 
chromic  oxidising  mixture.  In  fact,  cymol  is  energetically  attacked 
by  this  mixture ;  but  the  acid  which  is  formed  is  not  toluylic,  but 
insolinic  acid, — the  same  acid  which  was  produced  from  cuminic 
acid."^  Determination  III.  and  lY.,  to  be  found  in  the  analysis  of 
insolinate  of  barium,  refer  to  salts  obtained  from  insolinic  acid  pre- 
pared from  cymol.  This  observation  indicates  a  simple  method  of 
easily  procuring  insolinic  acid  in  considerable  quantity.  It  is  only 
necessary  to  heat  the  ordinary  Roman  cumin-oil  (cymol  and  cumi- 
nol),  with  a  mixture  of  chromate  of  potassium  and  sulphui'ic  acid. 
It  is,  however,  necessary  to  apply  the  heat  very  slowly,  and  to  be 
pro'S'ided  with  the  means  of  cooling  rapidly,  otherwise  much  oil  may 
be  lost,  in  consequence  of  the  extraordinary  energy  of  the  action. 

The  preceding  researches  suggested  some  additional  experiments, 
the  results  of  which  I  will  here  briefly  mention. 

When  cumol  is  boiled  for  some  time,  with  a  mixture  of  sulphuric 
acid  and  chromate  of  potassium,  it  is  readily  and  completely  con- 
verted into  benzoic  acid,  exhibiting,  under  these  circumstances,  the 
same  behaviour  which  is  observed  on  heating  it  with  dilute  nitric  acid. 

The  oxidation-products  of  toluol  have  already  been  examined  by 
Deville,t  who  found  that  this  hydrocarbon  is  likewise  converted 
into  benzoic  acid.  But  this  chemist  succeeded  only  once  in  obtain- 
ing benzoic  acid  from  toluol;  and,  since  the  toluol  he  employed 
was  procured  from  balsam  of  tolu,  which,  as  is  well  known,  fur- 
nishes a  considerable  quantity  of  benzoic  acid,  he  did  not  regard 
tlie  experiment  as  conclusive.  I  have,  therefore,  repeated  the 
experiment  with  toluol  prepared  from  coal-gas  naphtha.  The  action 
of  the  oxidizing  mixture  is  slow;  but  the  transformation  was 
repeatedly  and  easily  effected.  The  identity  of  the  benzoic  acid 
obtained  by  this  method  was  fixed  by  a  number. 

0-251  silver  salt  left  0-1175 

Percentage  of  silver  in  benzoate  of  silver : 
C,,(H3Ag)0, 

Theory.  Experiment. 

47-1  -46-8 

*  It  is  conceivable  that  in  a  first  stage  of  this  reaction  the  toluylic  acid  is  actually 
formed.  I  have  not  varied  the  experiment  sufficiently  to  offer  a  decided  opinion  on 
this  subject. 

+  Ann.  Ch.  Pbys.  [3],  in.  171. 
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When  considered  by  itself,  insolinic  acid  has  but  slight  claims 
on  the  attention  of  chemists ;  but  when  idewed  in  connection  with 
other  groups  of  bodies,  it  acquires  increased  interest.  Some  years 
since,  Gerhardt  pointed  out,  that  to  the  homologous  series  of 
monobasic  fatty  acids,  02^112^0^,  the  lowest  terms  of  which  are 
formic  and  acetic  acid,  there  runs  parallel  a  homologous  series  of 
bibasic  acids  ^<i^2n-2^sy  ^^^^  simplest  member  of  which  is  oxalic 
acid.  These  two  series  of  acids  are  connected  by  the  closest  ties, 
and  very  conclusive  experiments  have  demonstrated  that  the  mem- 
bers of  the  former  may  be  easily  converted  into  those  of  the  latter. 
Such  is  the  case  of  the  transformation  of  butyric  into  succinic 
acid,  effected  by  M.  Dessaignes,  by  means  of  oxidizing  agents. 

The  following  table  exhibits  these  two  series  of  acids  arranged 
according  to  their  carbon  : 


Formic  acid 
Acetic  acid . 
Propionic  acid 
Butyric  acid 
Valeric  acid 
Caproic  acid 
ffinanthylic  acid 
Caprylic  acid 
Pelai'gonic  acid 
Rutic  acid  . 


C2  H2  O4 
C,  H,  O, 

^6  Hg  O^ 

Cg  Hg  O^ 
C10H10O4 
C12H12O4 
C14H14O4 

^16^16^4 
^18^1804 
^20^20^4 


Oxalic  acid . 
?     . 

Succinic  acid 
Pyrotartaric  acid. 
Adipic  acid 
Pimelic  acid 
Suberic  acid 

Sebacic  acid 


C4  H2  Og 
^6  H4  Og 
Cg     Hg     Og 

^12HioC>8 

Cl4Hl20g 

^isHieOg 

*^20^18^8 


The  existence  and  the  mode  of  formation  of  insolinic  acid  prove 
that  to  the  series  of  monobasic  aromatic  acids,  Cn2Hn2_80^,  the 
lowest  term  of  which  is  benzoic  acid,  there  corresponds  likewise  a 
series  of  bibasic  acids,  C2nH2n_g_208  =  C2nH2jj_io08.  Of  this 
series  few  members  are  at  present  known;  but  the  group  of 
aromatic  acids  is  itself  very  imperfect  and  limited.  The  two 
series  comprise  at  present  the  following  terms : 


Benzoic  acid 
Toluolic  acid 

?        

Cuminic  acid 


^14^6  O^ 

^16^8  O4 

^-18^10^4 
^20^12^4 


C14H4     Og 


Terephthalic  acid  \  p    tt    /^ 

Phthahc  acid       .  j  ^16^6  ^^8 

Insolinic  acid      .      CjgHg  Og 


^20*^  10^8 


It  is  evident  that  the  carbon  being  made  the  standard  of  com- 
parison, the  bibasic  insolinic  acid  corresponds  to  the  monobasic 
acid,  wliich  stands  between  toluyhc  and  cuminic  acid,  and  which 
is  at  present  unknown.""" 

In  addition  to  this  unknown  acid,  toluylic  acid  is  represented  in 
the  series  of  bibasic  acids.     There  are,  in  fact,  two  bodies  which 

*  Benzo-glycolic  acid,  formed  by  the  action  of  nitrous  acid  on  hippuric  acid,  has 
the  same  composition  as  insolinic  acid ;  but  it  is  monobasic,  and  differe,  moreover, 
from  insolinic  acid  by  its  physical  properties. 
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may  be  regarded  as  representations  of  toluylic  acid.  These  are 
phtlialic  acid,  and  a  compound  which  Caillot*  produced  by 
oxidizing  oil  of  turpentin  by  means  of  nitric  acid,  and  which  he 
has  described  under  the  name  of  terephthalic  acid.f  Both  acids 
contain  CjgHgOgj  both  are  bibasic ;  both  are  decomposed  under 
the  influence  of  heat,  or,  more  perfectly  by  heating  Avith  baryta, 
into  carbonic  acid  and  benzol.  But,  notwithstanding  this  similarity, 
both  are  positively  distinct  chemical  substances ;  for,  while  phthalic 
acid  is  soluble  in  water  and  alcohol,  and  may  be  obtained  from 
these  liquids  in  definite  crystals,  terephthalic  acid  is  scarcely 
attacked  by  these  solvents,  and  forms  at  best  an  indistinctly  crys- 
talline powder.  Moreover,  phthalic  acid,  like  the  bibasic  acids, 
corresponding  to  the  series  C^^H^JJ^,  loses  two  equivalents  of 
water  when  submitted  to  the  action  of  heat,  easily  forms  amidogen- 
compounds,  and  may  without  difficulty  be  converted  into  a  nitro- 
substitute.  All  these  properties  are  absent  in  terephthalic  acid. 
I  have  here  purposely  compared  the  properties  of  these  two  acids, 
in  order  to  show  that  terephthalic  acid  in  its  entire  deportment 
resembles  closely  insoUnic  acid;  whilst  phthalic  acid,  in  its  beha- 
viour, solubility,  crystaUization,  dehydratability,  and  power  of 
forming  amidogen-compounds,  approaches  nearer  the  bibasic 
acids  of  the  series  which  runs  parallel  with  the  fatty  acids.  It 
is  conceivable  that  phthalic  acid  is  the  true  representative  in 
the  series  of  bibasic  aromatic  acids  (C2nH,jj_jQ0g),  and  that 
the  homologues,  terephthalic,  and  insohnic  acids  have  to  be  viewed 
as  acids  isomeric  with  the  members  of  the  former  series,  whose 
analogues  for  the  bibasic  fatty  acids  are  not  yet  discovered. 

•  Ann.  Chem.  Phys.  [3],  xxi.  30. 

+  C  ai  1 1 0  t's  memoir  on  oil  of  turpentine  was  published  ten  years  since,  and  obviously 
contains  several  statements  ■which  require  confirmation.  I  therefore  thought  it 
desirable  to  repeat  these  experiments,  so  far  at  least  as  they  related  to  terephthalic 
acid.  By  following  exactly  the  method  indicated  by  Caillot,  a  small  quantity  of  an 
insoluble,  somewhat  coloured,  acid  was  ultimately  obtained,  the  barium-  and  silver- 
salts  of  which  resembled  the  corresponding  compounds  of  insolinic  acid.  On  ana- 
lysis, these  salts  furnished  numbers  representing  pretty  accurately  terephthalic  acid. 

0"26S  barium  salt;  0*2024  sulphate  of  barium 
C,6(H4Ba2)03 

Theory.  Experiment, 

Barium  45"51  4524 

0-190  silver  salt;  01073  silver 
Ci6(H,Ag2)08 

Theory.  Experiment. 

Silver     56-84  56-46. 
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On    Lophine.* 

By    A.    Gossmann    and    E.    Atkinson. 

Among  the  products  of  decomposition  formed  by  heating  hydro- 
benzamide  to  a  high  temperature,  Laurentf  found,  besides 
amarone,  a  nevv^  base,  to  which  he  gave  the  name  lophine.  At 
first  he  proposed  for  it  the  formula  C4gH^7N2,   and  afterwards 

^46^16^2- 

About  the  same  time,  Fownes  obtained,  by  the  dry  distillation 
of  amai'ine  (the  benzoUne  of  Fownes),  a  substance  possessing 
weak  basic  properties,  to  which  he  gave  the  name  pyrobenzoline, 
and   the   composition   of  which    he    expressed    by   the    formula 

It  was  observed  by  one  of  us  J  that  lophine  was  formed  when 
the  compound  of  bisulphite  of  ammonia  with  oil  of  bitter  almonds 
is  heated  with  dry  hydrate  of  lime.  This  led  us  to  examine  the 
base,  on  the  one  hand  with  a  view  to  establish  its  true  formula, 
and  on  the  other  to  ascertain  if  any  connection  existed  between 
the  lophine  of  Laurent  and  the  pyrobenzoline  of  Fownes. 

The  results  of  our  investigation  determine  us  to  adopt  for 
lophine  the  formula  C42HJ-N2;  and  have  further  led  us  to  the 
conviction  that  pyrobenzoHne  is  identical  with  lophine. 

In  the  paper  above  cited,  wliich  describes  the  formation  of 
lophine  and  amariue  from  the  compound  of  oil  of  bitter  almonds 
and  bisulphite  of  ammonia,  it  was  mentioned  that  the  formation 
of  lophine  was  greatly  promoted  by  rapidly  heating  the  mixtui'e 
to  a  temperature  of  250°  to  300°  C.  It  being  our  object  to 
obtain  as  lai'ge  a  product  of  lophine  as  possible,  we  endeavoured 
to  ascertain  the  conditions  for  the  fulfilment  of  this  object.  We 
found  that  by  mixing  with  the  hydrate  of  lime  its  weight  of 
caustic  lime,  and  by  covering  the  retort  as  far  as  it  was  filled  with 
the  mixture,  with  hve  coals,  from  the  beginning  of  the  operation, 
the  greatest  product  was  obtained.  An  apparatus  constructed  as 
follows  proved  very  convenient.  A  shallowish  globular  retort  was 
coated  with  clay,  to  about  the  height  to  which  the  fire  was  to  be 
piled  up.  The  neck  of  the  retort,  cut  off  to  six  inches  in  length, 
was  inserted  in  a  tubulated  cylinder,  which  served  as  a  receiver. 
In  the  tubulure  of  the  cylinder  a  tube  bent  twice  at  right  angles 
was  inserted,  the  other  end  of  which  dipped  into  water.  In  this 
manner  it  was  possible  to  observe  the  occurrence  of  any  volatile 
oily   products   as   well    as    gases.      The   greatest   products   were 

*  Ann.  Ch.  Pharm.  xcvii,  283. 

+  Revue  Scientifique,  No.  56 ;  J.  pr.  Chem.,  xxxv.,  IS.*). 

t  Ann.  Ch.  Pharm.;  iciii.,  331. 
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obtained  when  small  quantities  were  operated  upon;  10  to  15 
grammes  of  the  oil  of  bitter  almonds  compound  with  about  four 
to  six  times  the  quantity  of  the  lime  mixtui'e  appeared  to  be  the 
best  proportions  for  one  operation.  If  the  operation  be  conducted 
as  above  indicated,  only  a  small  quantity  of  amarine  is  formed  at 
first.  When  this  has  melted  down,  the  upper  part  of  the  retort 
begins  to  be  covered  with  radiant  masses  of  lophine,  the  formation 
of  secondary  products  ceases,  and  there  seems  only  to  be  formed, 
besides  lophine,  some  free  ammonia.  At  the  beginning,  a  small 
quantity  of  an  aromatic  oily  product  accompanies  the  lophine.  But 
this  only  appeared  to  result  from  amarine,  which,  at  the  beginning 
of  the  operation,  had  settled  in  the  upper  part  of  the  retort,  and 
which,  by  the  rapidly  increased  heat,  had  been  decomposed  into 
lophine  and  some  products  wl\ich  have  not  been  closely  examined. 
Of  these,  the  principal  appears  to  be  amarone.  This  body, 
described  by  Laurent,  is  only  distinguished  from  lophine  by 
its  differing  solubility  in  ether  and  alcohol,  but  contains  88"4  p.c. 
of  carbon.  It  is  apparently  to  the  presence  of  small  quantities  of 
this  substance,  that  the  conflicting  analyses  of  lophine  must  be 
ascribed.  We  have  the  more  reason  to  ascribe  these  discrepancies 
to  this  cause,  inasmuch  as  diff'erent  preparations  of  lophine  ob- 
tained by  the  above  process,  in  which  the  occurrence  of  secondary 
products  is  reduced  to  a  minimum,  and  purified  as  follows,  gave 
us  well  agreeing  analytical  results. 

The  lophine  which  we  used  for  analysis  and  for  the  preparation 
of  the  various  salts  was  thus  purified.  In  order  to  fi'ee  the  crude 
product  of  distillation  from  adhering  amarine  and  oily  and  colour- 
ing admixtures,  it  was  digested  several  times  with  moderately 
strong  alcohol.  It  was  then  dissolved  in  boiling  alcohol,  to 
separate  any  lime  which  might  have  been  mechanically  carried 
over,  boiled  for  some  time  with  animal  charcoal,  and  filtered.  On 
standing,  tuft-shaped  masses  of  long  needles  separated  out,  and 
the  mother  liquid  was  evaporated  as  long  as  any  of  these  were 
formed.  These  crystals,  separated  from  the  mother-hquors,  were 
dissolved  in  alcohol  acidulated  with  hydrochloric  acid,  the  solution 
precipitated  boiling  by  aqueous  ammonia,  and  the  base  repeatedly 
crystallized  from  alcohol. 

The  base  thus  purified  exhibited  the  following  properties. 
From  an  alcoholic  solution  it  crystallizes  in  tufted-grouped 
needles  often  an  inch  long,  and  possessing  a  lustre  similar  to 
that  of  cafi'ein.  The  crystals,  which  at  first  are  transparent, 
become  opalescent,  but  retain  their  lustre.  The  crystals  are 
tasteless  and  inodorous ;  scarcely  exhibit  any  alkaline  reaction ; 
are  difficultly  soluble  in  ether,  more  so  in  alcohol,  and  very  little 
in  water.  Heated  to  250°  C.  they  sublime  gradually  without 
leaving  any  residue,  and  without  melting.  They  melt  at  265^  C. 
to    a  clear  transparent    mass,  which  at   260°  C.    solidifies   to  a 
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radiating  crystalline  mass.  They  sublime  in  a  form  similar  to 
that  of  benzoic  acid. 

The  alcoholic  solution  of  the  base,  and  particularly  of  the 
sulphate  and  hydrochlorate,  exhibit  the  phenomenon  of  fluorescence 
similarly  to  quinine,  though  not  in  so  high  a  degree.  But,  unlike 
that  base,  lophine  effects  no  rotation  of  the  plane  of  polarization. 

The  anabases  of  lophine  purified  as  above,  and  of  various  pre- 
parations, gave  the  following  numbers  : 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 


0-2966  gave  0-9225  CO2  and 


0-2610 
0-2396 
0-2449 
0-3235 
0-2325 
0-  343 


0-8107  CO2 
0-7445  CO2 
0-7606  CO2 
1-0031  CO. 


0-152  HO 
01327  HO 
01250  HO 
0-1245  HO 
0-1630  HO 
0-1188  HO 


afforded  on  treatment  with  soda-lime,  &c.. 


0-5184  NH^  CI  +  Pt  CI2. 
The    formula  hitherto   proposed,  partly  on  analytical   data  and 
partly  on  theoretical  grounds,  are  as  follows  : 


I.  Laurent, 

C46H17N2 
C     85-98 
H      5-29 

N      8-72 


II.  Laurent. 
^46^16^2 

86-25 
5-00 

8-75 


Fownes. 

85-13 
5-41 
9-46 


List  (Gmelin's 
Handbuch,  vi.  157). 

C44H16N2 

85-75 

5-19 

9-09 


"We  propose  the  formula  C42H17N2,  and  subjoin  the  calculated 
analytical  results : 
Calculated. 


Found. 


Mean. 


/ 

^^ 

-       \ 

I. 

II. 

III. 

IV. 

V. 

VI. 

VII, 

c^ 

84-84 

84-82 

84-71 

84-74 

84-84 

84-56 



—     84-73 

s>7 

6-72 

6-69 

6-65 

5-79 

5-35 

5-60 

5-70 

—       5-63 

N. 

9-42 

— 

— 

— 

— 

— 

— 

9-47      9-47 

The  carbon,  which  has  most  influence  on  the  formula,  agrees  best 
with  our  analyses.  In  order  to  ensure  complete  combustion,  we 
used  tubes  six  inches  longer  than  is  usual  in  combustion  with 
oxide  of  copper  and  oxygen.  To  prevent  the  formation  of  any 
oxides  of  nitrogen,  sheet  copper  was  placed  at  the  anterior  part  of 
the  tube. 

The  identity  of  the  pyrobenzoline  of  Fownes  -with  the  lophine 
of  Laurent  has  been  already  suggested  by  Gerhardt.*  And, 
indeed,  after  Bertagninif  had  shown  that  hydrobenzamide  could 
be  converted  into  amarine  by  simply  heating  it,  there  could  be 
little  doubt  about  it.  A  direct  proof  only  was  needed.  Our 
observations  of  the  properties  of  lophine,  as  detailed  above,  agree 
perfectly  with  Fownes's  description  of  pyrobenzoline.     And  the 

*  Traitg  de  Chimie  Organique,  tome  iii.,  179. 
f  Lie  big's  Annalen. 
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analyses  of  this  chemist  agree  well  with  our  own.  As  he  did  not 
examine  the  nature  of  the  base  more  closely,  he  could  only  give 
as  a  formula  the  simplest  expression  of  his  analytical  results.  On 
doubling  his  formula,  it  only  differs  by  one  equivalent  of  hydrogen 
from  our  own. 

Lophine  is  a  very  weak  base,  and  has  scarcely  auy  alkaline 
reaction.  It  forms,  indeed,  well  characterised  salts,  but  these 
have  a  tendency,  on  recrystallization,  to  give  up  part  of  their  acid, 
and  become  changed  into  basic  compounds.  This  is  particularly 
the  case  with  the  sulphate. 

Hydrochhrate  of  Lophine  =  C^jHj-Nj  +  HCl  +  HO.  If  to  a 
hot  saturated  alcoholic  solution  of  lophine,  hydrochloric  acid  be 
added  till  the  mixtui'c  is  decidedly  acid,  the  hydi'ochlorate  sepa- 
rates out,  on  cooling,  in  large  transparent  needles,  very  similar  to 
pure  lophine.  If  these  crystals  be  allowed  to  stand  for  some  time  in 
the  acid  mother-liquor,  they  change  into  small,  white,  opaque 
prisms.  We  have  observed  this  to  be  the  case  with  several  lophine 
compounds.  It  is  possible  that  the  change  depends  on  some  loss 
of  water,  for  we  could  ascertain  no  essential  difference  in  tbe 
comportment  of  this  form  of  the  salt.  If  the  base  be  treated 
directly  with  concentrated  hydrochloric  acid,  it  becomes  resinous, 
and  can  only  be  obtained  in  the  crystalline  state  by  remo^Tug  the 
excess  of  acid,  and  recrystallization  from  alcohol. 

The  hydrochlorate  has  a  feebly  acid  reaction.  It  is  more 
soluble  in  alcohol  and  water,  and  shows  the  fluorescent  appearance 
more  strongly  than  the  pure  base. 

The  analyses  afforded  the  following  results  : 

I.     0-272     gave  0-736    COj  and  01355  HO 
II.     01984      „     0.538    COj     „     01010  HO 
III.     0-2184      „     0-0834  Ag  Ch 

Calculated.  Found. 


^{.  u. 


C  42  =  73-57  73-78  7380  — 

H  19=    5-54  5  51  5-65  — 

N  2=    8-17  _  _  _ 

CI  1  =  10-36  —  —  9-42 

O  1  =    2-33 

Hydriodate  of  Lophine,  C42H1-X2  +  HI.  This  salt  is  obtained 
in  the  same  manner  as  the  hydrochlorate.  It  crystallizes  easily  in 
large  needles,  which  are  more  soluble  in  alcohol  and  ether  than 
the  hydrochlorate.  It  crystallizes  from  a  very  acid  solution  in 
granular  crystals.  Hydriodate  of  lophine  is  very  soluble  in  iodide 
of  ethyl.  Its  other  properties  are  exactly  similar  to  those  of  the 
hydrochlorate. 

Sulphate  of  Lophine,  C^jH^Nj  +  HO,  SO3?  AYlien  a  solution  of 
lophine,  to  which  excess  of  sulphuric  acid  has  been  added,  is 
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allowed  to  evaporate  slowly,  the  sulphate  separates  out  in  the  form 
of  broad,  transparent,  rhombic  tables,  which  are  often  4  or  5 
lines  in  length  and  2  lines  in  breadth.  On  standing  in  the  air, 
they  become  opaque  and  effloresce.  When  crystallized  more 
rapidly,  the  compound  separates  out  in  the  form  of  large  needles, 
which,  on  standing  some  time  in  the  acid  mother-liquor,  change 
into  small  white  opaque  needles.  At  each  recrystallization  from 
alcohol,  the  salt  becomes  more  basic,  a  phenomenon  which  appears 
to  have  been  observed  by  Laurent;  at  least,  some  of  his 
analyses  allow  of  this  assumption.  By  frequent  solution  and 
recrystallization  from  water,  the  sulphuric  acid  may  be  almost 
entirely  removed  from  the  compound,  as  our  analyses  have  con- 
vinced us.  The  analytical  results  which  we  have  obtained  exhibit, 
from  this  reason,  great  variation,  and  we  have  not  thought  it 
necessary  to  adduce  them. 

Nitrate  of  Lophine,  C^gH^^Ng+HO,  NOg.  This  salt  crystallizes 
from  a  concentrated  alcoholic  solution  of  lophine,  which  has  been 
acidulated  with  nitric  acid,  in  the  form  of  small  plates.  If  these 
be  covered  with  concentrated  nitric  acid  which  is  free  from  nitrous 
acid,  they  become  converted  into  an  oily  mass.  In  other  par- 
ticulars Ave  can  confirm  Laurent^s  description  of  this  salt. 

Hydrochlorate  of  Lophine  and  Bichloride  of  Platinum,  C42H17N2 
HCl  +  Pt  CI2.  This  double  salt  is  formed  on  mixing  a  dilute 
alcoholic  solution  of  bichloride  of  platinum  with  a  warm  mode- 
rately concentrated  solution  of  lophine  containing  excess  of  hydro- 
chloric acid.  On  cooling,  crystals  which  are  often  needle-shaped 
separate  out,  and  these,  on  standing,  sometimes  crumble  to  a  beau- 
tiful orange-yellow  crystalline  powder.  This  salt  is  more  soluble 
in  alcohol  than  any  other  compound  of  lophine.  If  an  alcoholic 
solution  of  lophine  be  heated  some  time  with  excess  of  bichloride 
of  platinum,  the  base  becomes  essentially  altered.  Platinum 
is  separated  in  a  very  finely  divided  state,  and  the  liquid 
filtered  ofi"  from  this  is  very  difficult  to  crystallize.  The  body 
which  separates  out  is  generally  soft,  adhering  together  in  a 
resinous  mass,  and  the  quantity  of  platinum  in  it  is  less  than  in 
the  crystallized  double  salt.  The  analysis  of  the  double  salt  gave 
us  the  following  numbers : 

I.     0-3280  gave  0-5920  CO2  and  0116  HO 
II.     0-2250      „     00445  Platinum. 

Calculated.  Found. 


C42  5008  49-22                 — 

Hi8  3-58  3-93                — 

N2  5-56  —                   — 

CI3  21-16  —                   _ 

Plj  19-61  —  19-77 
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Bichloride  of  platinum  unites  also  directly  with  lophinc.  When 
a  concentrated  alcoholic  solution  of  lophine  is  mixed  with  a  con- 
centratedj  neutral^  alcoholic  solution  of  bichloride  of  platinum,  a 
clear,  orange-yellow,  microscopic  crystalline  compound  separates, 
which  seems  to  be  a  compound  of  4(C^.2^i7-^2)  +  ^^^  ^^2- 
A  compound  thus  constituted  would  require  17 '45  per  cent,  of 
platinum ;  our  analyses  give  the  following  numbers  : 

I.     0-3450  gave  0-0605  Pt  =  17-53  per  cent. 
II,     0-2540      „     00504  Pt=  17-27 
III.     0-3515      „     0-0610  Pt  =  17-35 

Lophine  and  Nitrate  of  Silver. — If  a  neutral,  moderately  con- 
centrated, alcoholic  solution  of  nitrate  of  silver  be  mixed  with  a 
hot,  saturated,  alcoholic  solution  of  lophine,  the  mixture  solidifies 
on  cooling  to  a  mass  of  crystals.  If  these  be  dissolved  in  cold 
alcohol,  and  left  to  spontaneous  evaporation,  the  compound 
separates  in  tolerably  large  white  needles,  which  on  analysis 
gave  numbers  corresponding  to  the  above  formula.  But  on 
attempting  to  purify  the  compound  by  recrystallization,  it  changes 
by  boiling  into  a  pulverulent,  crystalline,  difficultly  soluble  sub- 
stance, which  settles  down  with  a  somewhat  violet  tint.  This 
compound  is  thus  constituted  : 

2C,2H,,N2  +  3(AgO,N05) 

0-2295  gave  0*0666  Ag  =  29-01  per  cent.  The  above  formula 
requires  29-36  per  cent.  After  separating  this  body,  and  further 
evaporation  of  the  mother-liquor,  another  and  more  soluble  com- 
pound crystallizes  out,  in  brilliant  white  needles.  It  has  the 
formula 

2C,2H,7N2  +  Ag  O,  NO5 

0-2800  gave  0-039  Ag=  13-92  p.c.  The  above  formula  requires  14-14. 

The  change  effected  on  boiling  may  be  thus  expressed : 

4(C,2H,,N,  +  Ag  O,  NO5)  =  2C,2Hi,N2  +  3(Ag  0,N0,) 
+  2C,2Hi7N2  +  AgO,N05. 

In  order  to  get  a  clearer  view  of  the  process  of  the  formation  of 
lophine,  we  endeavoured  to  ascertain  its  constitution,  and  to  see  to 
what  class  of  artificial  bases  it  belonged.  To  this  end,  various 
attempts  to  substitute  ethyl  were  made,  by  treating  it  with 
iodide  of  ethyl.  Pure  lophine  was  enclosed  in  a  glass  tube  with 
alcohol  and  excess  of  iodide  of  ethyl,  in  which  it  was  abundantly 
soluble,  and  left  for  some  weeks.  Another  portion  of  lophine, 
which  had  also  been  enclosed  with  iodide  of  ethyl  and  alcohol, 
was  heated  for  three  or  fom^  days  to  100°  C,  and  then  left  to  stand 
some  Aveeks.  Both  portions  were  examined  separately,  but  showed 
the  same  phenomena.  The  contents  of  the  tubes  had  an  acid 
reaction,  arising  from  hydriodic  acid.     After  the  excess  of  iodide 

Q 


226  stenhouse's  examination  of  select 

of  ethyl  had  been  distilled  off,  a  readily  soluble  hydriodate  sepa- 
rated iu  fine  needles.  Tliis  was  recrystallized  from  alcohol,  and 
one  portion  treated  with  oxide  of  silver.  Another  portion  was 
treated  with  ammonia.  In  both  cases  the  substances  obtained 
afforded  analytical  results  perfectly  agreeing  with  the  composition 
of  pure  lophine.  Hence,  under  these  circumstances,  no  substitu- 
tion had  taken  place.  A  portion  of  the  iodide  of  ethyl  had 
decomposed  into  alcohol  and  hydriodic  acid,  which  united  with 
the  lophine  to  form  a  hydriodate.  A  similar  phenomenon  was 
observed  by  H  o  w,*  when  narcotine  and  several  other  bases  were 
similarly  treated. 


Examination  of  select  Vegetable  Products  from  India. 
By   Jobn    Stentaouse,   li.Ii.D.,   F.R.S. 

Read  before  the  Koyal  Society,  December  6,  1855. 

PAKT    1. 

Through  the  kindness  of  my  esteemed  friend  Dr.  Royle,  I  have 
been  permitted  to  select  such  vegetable  products  from  the  exten- 
sive collection  at  the  India  House  as  seemed  most  likely  to  repay 
the  trouble  of  investigation.  My  attention  during  the  last  twelve 
months  has  been  chiefly  directed  to  three  of  these  vegetable  sub- 
stances; and  the  results  of  their  examination  I  now  take  the 
liberty  of  submitting  to  the  Royal  Society,  to  be  followed  by  those 
of  the  others  as  they  may  be  completed. 

Datisca  Cannabina. 

The  first  of  these  substances  which  I  examined  consisted  of  a 
quantity  of  the  roots  of  the  Datisca  cannabina,  from  Lahore,  where 
this  plant  is  employed  to  dye  silk  of  a  fast  yellow  colour.  The 
roots,  which  had  been  cut  into  pieces  about  six  or  eight  inches 
long,  were  from  one- half  to  three-quarters  of  an  inch  in  thickness. 
They  had  a  deep  yellow  colour.  The  leaves  and  smaller  branches 
of  the  Datisca  cannabina  from  the  Levant  have  long  been  emploj^ed 
for  a  similar  purpose  in  the  south  of  France.  A  decoction  of  the 
leaves  of  the  Datisca  cannabina  was  examined  by  Braconnot  in 
1816,  who  discovered  in  it  a  crystallizable  principle  to  which  he 
gave  the  name  of  datiscine.  Braconnot,  of  course,  did  not  sub- 
ject this  substance  to  analysis,  but  he  described  its  appearance  and 

•  Transactiona  of  Edin.  Royal  Society,  21, 1. 
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properties  in  an  exceedingly  accurate  manner.*  The  observations 
of  Braconnot  had  fallen  into  such  entire  oblivion^  however,  that 
for  many  years  past,  we  find  in  most  of  the  larger  systems  of 
chemistry  the  term  datiscine  used  as  synonymous  with  inuline. 
Thus  in  Brande's  'Chemistry/  vol.  ii.  page  1168,  we  find  it 
stated  that  a  variety  of  names  had  been  given  to  inuline,  such  as 
"dahline,  datiscine,^^  &c.  In  Lowig^s  'Chemistry  of  Organic 
Compounds,^  vol.  i.  page  359,  the  same  error  is  repeated,  where, 
under  the  article  "  inuline,"  the  synonyms  given  are  "  dahliue  and 
datiscine." 

The  bruised  roots  were  extracted  in  a  Mohr's  apparatus  by 
long-contiued  digestion  with  wood-spirit.  The  liquor  obtained, 
which  had  a  dark  brown  colour,  was  concentrated  by  distilling  off 
a  portion  of  the  wood-spirit.  The  brown  syrupy  liquid  remaining 
in  the  retort,  on  being  poured  into  open  vessels  and  standing  for 
some  time,  deposited  a  resinous  matter  containing  merely  traces 
of  a  crystalline  substance.  When  this  syrupy  liquid,  however, 
was  treated  with  about  half  its  bulk  of  hot  water,  the  greater 
portion  of  the  brown  resin  was  rapidly  deposited ;  and  the  mother- 
liquor,  having  been  poured  off  and  left  to  slow  spontaneous 
evaporation,  deposited  a  considerable  quantity  of  an  imperfectly 
crystallizable  substance  resembling  grape-sugar.  These  crystals 
are  impure  datiscine,  still  retaining  a  considerable  amount  of 
resinous  matter,  to  which  the  dark  brown  colour  is  owing. 

They  may  be  purified  in  various  ways,  advantage  being  taken  of 
the  greater  solubility  of  the  resinous  mattei'  in  alcohol  or  ether, 
than  that  of  the  datiscine.  By  repeated  crystallizations,  therefore, 
from  either  of  these  liquids,  the  datiscine  may  be  rendered  almost 
perfectly  colourless,  the  impurities  remaining  in  the  mother-liquor. 
The  following  is  the  method  which  I  have  found,  on  the  whole, 
most  convenient.  The  crude  datiscine,  while  still  moist,  is  strongly 
pressed  between  folds  of  blotting-paper;  it  is  then  dissolved  in 
alcohol,  and  again  treated  with  water,  which  throws  down  the 
resin.  The  diluted  alcoholic  solution,  after  standing  some  time, 
yields  the  datiscine  in  a  much  finer  state.  On  repeating  this  ope- 
ration several  times,  the  datiscine  may  be  obtained  perfectly  pure. 
In  order  to  separate  any  traces  of  tannic  acid  which  might  have 
been  present,  I  repeatedly  added  a  concentrated  solution  of  gelatine 
to  the  alcoholic  solution  of  the  datiscine,  and  after  careful  filtra- 
tion, precipitated  the  datiscine  in  the  way  already  described.  I 
could  not,  however,  observe  that  the  crystals  of  the  datiscine,  when 
gelatine  had  been  employed  in  its  preparation,  were  in  the  least 
degree  dissimilar  from  the  datiscine  obtained  in  the  usual  way. 

Properties  of  Datiscine. — Datiscine,  when  quite  pure,  is  perfectly 
colourless ;  but,  unless  great  attention  is  paid  to  its  purification,  it 

*  Ann.  Ch.  Phys.  [3],  iii.  277. 
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usually  lias  more  or  less  of  a  yellow  colour,  varying  from  pale  to 
deep  yellow,  according  to  circumstances.  It  is  very  soluble  in 
alcohol,  even  in  the  cold,  boiling  alcohol  dissolving  almost  any 
amount  of  it. 

By  slow  spontaneous  evaporation,  its  alcoholic  solutions  yield 
small  silky  needles  arranged  in  groups.  Cold  water  does  not  dis- 
solve much  of  it,  but  it  is  tolerably  soluble  in  boiling  water,  the 
hot  solutions  on  cooling  depositing  it  in  shining  scales.  Ether  does 
not  dissolve  much  datiscine;  but  an  ethereal  solution,  when  allowed 
to  evaporate  as  slowly  as  possible,  yielded  it  in  larger  crystals  than 
I  could  have  obtained  in  any  other  way.  When  water  is  added  to 
an  alcoholic  solution  of  datiscine,  no  precipitate  is  immediately 
formed,  unless  the  solution  is  greatly  concentrated ;  but  on  stand- 
ing for  some  time,  the  datiscine  separates  in  a  very  pure  state, 
consisting  of  fine  crystals  ha\ang  a  pale  yellow  colour.  The  datis- 
cine prepared  by  this  process  was  found  to  contain  but  a  minute 
trace  of  ash.  AThen  datiscine  is  heated  to  about  180°  C,  it  melts, 
and  if  the  heat  is  still  further  increased,  it  biu'us,  evoMng  an  odour 
of  caramel,  and  leaves  a  voluminous  charcoal.  If  datiscine  be 
heated  in  a  close  vessel  while  a  stream  of  di-y  air  is  slowly  passed 
over  it,  a  small  quantity  of  a  crystalline  substance  subhmes. 
Datiscine  and  its  solutions  have  a  very  bitter  taste ;  and  though  it 
does  not  produce  any  change  upon  test  paper,  I  think  there  is 
reason  to  regard  it  as  a  feebly  acid  body.  It  dissolves  in  solutions 
of  the  fixed  alkalies  and  ammonia,  as  well  as  in  lime  and  baryta 
water.  Their  solutions  have  a  deep  yellow  coloui',  which  they  lose 
on  the  addition  of  an  acid,  when  the  datiscine  is  precipitated,  even 
acetic  acid  precipitating  datiscine.  When  its  alkaline  solutions 
are  not  too  concentrated,  and  are  neutralized  while  hot,  the 
datiscine  on  cooHng  is  deposited  in  small  crystals.  The  aqueous 
solution  of  datiscine  is  precipitated  by  neutral  and  basic  acetates 
of  lead,  or  cliloride  of  tin.  These  precipitates  have  a  bright 
yellow  colour. 

Salts  of  copper  produce  gi'eenish  precipitates ;  those  of  peroxide 
of  iron  deep  brownish-green  precipitates.  The  datiscine  employed 
in  these  experiments  had  been  purified  with  gelatine. 

The  lead  salts  form  such  gelatinous  precipitates,  that  they  could 
not  be  washed,  and  therefore  I  was  unable  to  employ  them  in 
determining  the  equivalent  of  datiscine. 

Action  of  dilute  Sulphuric  Acid  on  Datiscine.  —  When  an 
aqueous  solution  of  datiscine  is  treated  with  a  small  quantity 
of  sulphuric  acid,  the  clear  liquid,  after  being  boiled  for  a  few 
minutes,  becomes  turbid,  and  deposits  a  crystalUne  substance. 
This  is  collected  on  a  filter,  and  the  clear  liquid  which  passes 
through,  after  it  has  been  made  strongly  alkaline  by  the  addition 
of  potash,  and  after  being  heated  to  212°,  throws  down  suboxide 
of  copper.     When  the  excess  of  sulphuric  acid  is  removed  from 


VEGETABLE   PRODUCTS   FROM   INDIA.  229 

another  portion  of  the  solution,  by  neutralizing  with  carbonate  of 
lead  or  baryta,  it  acquires  a  sweet  taste ;  and  when  evaporated  to 
the  consistence  of  a  syrup,  on  standing  for  some  time,  it  formed  a 
semi-crystalline  mass,  closely  resembling  honey.  This  experiment 
showed,  therefore,  that  datiscine,  like  salicine  and  similar  bodies, 
belongs  to  the  class  of  glucosides,  and  is  a  copulated  compound  of 
sugar  and  another  substance  which  I  shall  call  datiscetine. 

Datiscetine. — Datiscetine  in  its  general  appearance  and  properties 
closely  resembles  datiscine.  On  a  closer  examination,  however, 
these  two  substances  are  found  to  differ  essentially,  both  in  com- 
position and  properties.  Datiscine,  when  prepared  by  boiling  a 
solution  of  pure  datiscine  with  dilute  sulphuric  acid,  precipitates 
in  the  state  of  fine  needles,  wliich  are  nearly  colourless.  It  is 
easily  soluble  in  alcohol,  a  hot  alcoholic  solution,  on  cooling,  depo- 
siting the  greater  portion  of  it  in  crystalline  groups.  It  is  almost 
insoluble  in  water,  and  consequently  datiscetine  is  abundantly 
precipitated  from  its  alcoholic  solutions  by  the  addition  of  water. 
It  dissolves  in  ether  to  almost  any  extent,  and  is  deposited,  on  the 
evaporation  of  that  liquid,  in  needles. 

These  properties  of  datiscetine  enable  us  to  obtain  it  in  a 
tolerably  pure  state,  when  even  very  impui'e  datiscine  is  employed 
in  its  preparation.  The  mother-liquors  out  of  which  datiscine  has 
been  crystalHzed,  and  which  retain  a  large  amount  of  impurities, 
can  be  used  in  the  following  way  for  the  preparation  of  datiscetine. 
These  liquors  are  first  treated  with  basic  acetate  of  lead,  the  pre- 
cipitate is  collected  on  a  filter  and  washed,  and  then,  having  been 
distributed  tlu'ough  water,  is  decomposed  by  sulphuretted  hydrogen. 
The  solution  which*has  filtered  from  the  precipitated  sulphide  of 
lead,  is  then  concentrated,  and  boUed  with  dilute  sulphuric  acid. 
The  datiscetine  produced  in  this  way  can  be  easily  separated  from 
the  resinous  matter,  as  the  latter  is  precipitated  before  the  forma- 
tion of  the  datiscetine  by  the  acid,  and  adheres  to  the  bottom  of 
the  flask.  By  dissolving  the  datiscetine  thus  obtained  in  alcohol, 
and  precipitating  it  by  the  addition  of  water,  it  is  rendered 
^h  rably  pm'e. 

Properties  of  Datiscetine. — Datiscetine  has  no  taste.  When 
heated  it  melts  hke  datiscine,  but  the  heat  required  is  much  higher 
than  is  necessaiy  for  that  body.  It  crystallizes  again  on  cooling. 
By  operating  very  cautiously,  a  portion  of  the  datiscetine  may  be 
sublimed  in  crystals.  This  sublimate,  however,  appears  to  be 
altered  datiscetine,  for,  when  recrystallized  out  of  ether,  it  has  a 
sweet  taste.  Datiscetine  on  burning  does  not  emit  the  smell  of 
caramel. 

Datiscetine,  like  datiscine,  dissolves  in  alkaline  solutions,  and  is 
reprecipitated  by  the  addition  of  an  acid.  When  an  alcoholic 
solution  of  acetate  of  lead  is  added  to  one  of  datiscetine,  also 
dissolved  in  alcohol,  a  finely  coloured  deep  yellow  precipitate  is 
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obtained,   which   can    be    easily   washed   both   by   alcohol    and 
water. 

This  precipitate  gave,  by  analysis,  results   agreeing  with   the 
formula  CgoHgOio  +  2PbO. 


Kequired. 

36-63 

Found. 

C30        =  180-0 

'36-11 

3609' 

Hg       =      8-0 

1-63 

1-69 

— 

1-61 

Oio      =     80-0 

16-28 

— 

— 

— 

2PbO  =  223-4 

45-46 

45-22 

45-13 

45-73 

491-4  100-00 

Analysis  of  Daliscetine. — The  different  preparations  were  all 
dried  at  100°  C.  in  a  current  of  dry  air,  and  burned  in  the  gas 
furnace.  I.  and  II,  were  crystallized  from  alcohol;  III.  and  IV. 
were  precipitated  from  the  alcoholic  solution  by  water. 


Kequired. 

Found. 

I. 

n. 

ni. 

rv. 

\ 

^30 

=  180 

62-94 

62-89 

62-90 

( 

32-88 

63-03 

Hio 

=    10 

3-49 

3-58 

3-70 

3-61 

3-76 

0,2 

=    96 

33-57 

— 

— 

— 

— 

286 

100-00 

Analysis  of  Datiscine  dried  in  a  Liebig^s  drying  tube. — 
A.  Datiscine  crystallized  out  of  alcohol.  B.  Datiscine  crystallized 
out  of  alcohol  from  another  preparation.  C.^  Datiscine  prepared 
with  gelatine  and  out  of  alcohol.  D.  Datiscine  separated  from  its 
alcoholic  solution  by  the  addition  of  water.  E.  Datiscine  pre- 
cipitated from  its  potash  solution  by  the  addition  of  acetic  acid. 

The  substance  analysed  in  A.  contained  0*3  to  0*4  per  cent,  of 
ash;  that  in  B.  0-2  to  025  per  cent.;  and  that  in  C.  0-12  per 
cent.  No  allowance,  however,  was  made  for  these  amounts  of  ash 
in  calculating  the  following  numbers. 

The  datiscine  used  for  the  analyses  D.  and  E.  did  not  contain 
any  appreciable  quantity  of  ash. 

A.  B.  C.  D.  E. 

C  .  54-79  54-38  54-79  54-73  54-97  54-11  54-48  54-27 
H  .  508  5-19  5-25  5-29  516  5-41  5-19  5-12 
O.        —        —  ___         —         _-. 

When  the  decomposition  of  datiscine  into  datiscetine  and  sugar 
is  taken  into  consideration,  it  seems  probable  that  the  formula  for 
datiscine  is 

Datiscetine  +  Sugar         =  Datiscine 

^'30"l0^12      ^"   ^12"l2^12  =  ^42"22^24- 
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That  formula  requires 

C42  =  252  54-08 

H22=    22  4-72 

O24  =  192  41-20 

If  the  formula  0^2^22^24  be  correct,  the  decomposition  of 
datiscine  would  be  analogous  to  salicine,  which,  when  treated  with 
dilute  acid,  gives 

Salicine      =  Sugar         +  Salicetine 

^26^18^14  =  ^12^12012  +  Ci4Hg02  ; 

whilst  when  treated  with  emulsine, 

Salicine      =  Sugar  +  Saligenine  —  2H0. 

^26^18014  =  C12H12O12  +  Cj^HgO^     —  2H0. 

The  above  formula  for  datiscine  is  confirmed  by  the  following 
determinations  of  sugar  formed  by  treating  a  weighed  quantity  of 
datiscine  with  dilute  sulphuric  acid.  The  quantity  of  sugar  pro- 
duced was  estimated  by  Fehling's  method  with  a  standard 
solution  of  sulphate  of  copper.  Four  determinations  made  in  this 
way  gave,  for  100  parts  of  dry  datiscine,  41-6,  39-5,  39-3,  and  37-8 
parts  of  sugar.  The  calculation  for  the  formula  C42H22O24  requires 
38*6  per  cent,  of  sugar. 

An  attempt  was  made  to  confirm  these  determinations  by  the 
direct  estimation  of  the  datiscetine  formed    during   the  decom- 
position of  a  given  weight  of  datiscine  by  dilute  sulphuric  acid. 
The  numbers  obtained,  however,  during  different  experiments  did 
not  correspond  with  each  other,  and  were  all  much  lower  than 
theory  required.     This,  however,  is  not  to  be  wondered  at,  as  the 
datiscetine,  though  very  difficultly  soluble,  is  by  no  means  abso- 
lutely insoluble  in  water.     Dilute  hydrochloric  acid  was  found, 
like  sulphuric  acid,  to   decompose  the   datiscine  into   sugar  and 
datiscetine,  and  even  on  boiling  an  aqueous  solution  of  pure  dati- 
scine for  some  hours,  traces  of  sugar  could  be  detected;  thus  showing 
that  a  small  portion  of  the  datiscine  had  been  decomposed.     It 
has  been  shown  by  previous  experiments,  and  analysis  No.  8,  that 
datiscine  may  be  dissolved  in  cold    solutions   of  potash  Avithout 
decomposition.       When    boiled,    however,    with    a    concentrated 
potash-ley   for  some    time,   decomposition   takes    place,   and   the 
precipitate,  thrown  down  by  the  addition  of  an  acid,  has  all  the 
properties    of  datiscetine.     In   this   respect,    therefore,    datiscine 
agrees  with  tannin  and  similar  glucosides,  which  yield  the  same 
products  when  acted  upon  by  acids   and  alkalies ;    tannin  from 
nut-galls  being  equally  resolved  by  acid  and  alkalies  into  gallic 
acid  and  grape-sugar.     A   solution  of  datiscetine,  when  left  for 
some  time  in  a  warm  place  in  contact  with  yeast,  did  not  ferment ; 
and  though  emulsine  was  also  tried,  no  separation  of  datiscetine 
was  observed. 
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Action  of  Nitric  Acid  on  Datiscine  and  Datiscetine. — Wheu 
datiscetine  is  treated  in  the  cold  with  nitric  acid  of  ordinary 
strength,  a  violent  reaction  takes  place,  brown  vapours  are  dis- 
engaged, and  a  resinous  substance  produced.  The  heat  evolved 
by  the  reaction  is  sufficient  to  continue  it  till  all  the  resinous 
matter  is  dissolved  and  a  dark  red  liquid  produced,  which  after 
boiling  becomes  yellow,  and  when  cautiously  evaporated,  deposits 
on  cooling  crystals  of  nitropicric  acid.  If  the  reaction  is  not 
carried  too  far,  no  oxalic  acid  is  formed,  and  the  nitropicric  acid 
obtained  is  very  pure,  forming  large  crystals  of  a  pale  yellow 
colour.  The  following  experiments  show  that  these  crystals  are 
really  nitropicric  acid. 

When  treated  in  the  cold  with  a  concentrated  solution  of  hypo- 
chloride  of  lime,  the  very  characteristic  smell  of  chloropicrine  is 
instantaneously  observed.  The  addition  of  a  solution  of  potash  to 
a  second  portion  of  the  acid  threw  down  crystals  of  very  pure 
nitropicrate  of  potash,  which,  when  subjected  to  analj^sis,  gave 
18"04  per  cent,  of  potash,  the  calculated  quantity  required  for 
nitropicrate  of  potash  being  17*66  per  cent.  Datiscine  treated  in 
the  same  way  yields  nitropicric  acid  as  well  as  oxalic  acid.  The 
formation  of  nitropicric  acid  by  the  action  of  strong  nitric  acid  on 
datiscine  and  datiscetine,  renders  it  highly  probable  that,  by 
employing  dilute  nitric  acid,  less  highly  oxidized  products  of 
decomposition  might  be  obtained.  Datiscetine  was  therefore 
boiled  with  dilute  nitric  acid,  i.  e.,  nitric  acid  with  ten  parts  of 
water;  the  crystals  of  datiscetine  soon  dissolved,  and  a  yellow 
liquid  was  obtained,  which,  when  treated  with  a  solution  of  per- 
chloride  of  ii'on,  gave  a  blood-red  colour.  "When  the  original 
solution  had  cooled,  pale  yellow  crystals  were  deposited.  These 
crystals  were  very  soluble  in  hot  water,  and  recrystallized  on 
cooling. 

They  were  likewise  very  soluble  in  alcohol  and  ether,  and,  when 
deposited  by  slow  evaporation  from  their  alcoholic  solutions,  they 
formed  nearly  colourless  crystals  of  considerable  size,  having  a  fine 
silky  lustre.  When  treated  with  hypochlorite  of  lime,  they  did 
not  evolve  chloropicrine  in  the  cold,  but  readily  produced  that 
compound  when  gently  heated.  When  they  were  cautiously 
heated  between  two  watch-glasses,  a  portion  of  the  substance 
sublimed  in  colourless  needles.  When  this  acid  was  heated  with 
an  insufficient  quantity  of  water  to  dissolve  it,  it  melted  and 
recrystallized  on  cooling.  These  properties  agree  with  those  of 
nitrosalicylic  acid.  In  order  to  confirm  this  hypothesis,  the  fol- 
lowing salts  were  prepared. 

On  saturating  a  solution  of  the  acid  with  carbonate  of  baryta, 
the  baryta  salt  was  obtained  in  yellow  crystals.  From  their 
solution  ammonia  threw  down  another  yellow-coloured  baryta 
salt.     A  solution  of  the  acid  likcAvise  produced  a  crystallized  lead 
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salt.  The  amraoniacal  ,  salt  was  obtained  in  orange-coloured 
needles  by  satui'ating  the  acid  with  ammonia  and  crystallizing  in 
vacuo.  By  double  decomposition  with  the  ammoniacal  salt  I 
prepared  the  silver  combination,  which,  like  all  the  others,  agreed 
in  its  properties  with  Marchand's  description  of  nitrosalicyhc 
acid  salts.  When  subjected  to  analysis,  0"1695  grm.  of  the  silver 
salt  gave 

0'0630  grm.  of  silver,  equal  to  37*17  per  cent., 

the  quantity  of  silver  in  nitrosalicylate  of  silver  being  37*24  per 
cent.  When  datiscine  was  allowed  to  stand  in  contact  with  dilute 
nitric  acid  in  the  cold,  it  gradually  dissolved,  and  the  liquid  assumed 
a  yellow  colour.  The  solution,  when  left  to  evaporate  in  vacuo, 
was  found  to  contain  a  mixture  of  oxalic  and  nitropicric  acids. 

Action  of  Potash  on  Datiscine  and  Datiscetine. — It  was  stated 
in  a  previous  part  of  this  paper  that  datiscine  and  datiscetine  dis- 
solve in  solutions  of  caustic  alkalies  without  decomposition,  and 
that  datiscine,  when  boiled  for  some  time,  is  decomposed  with 
formation  of  datiscetine.  It  only  remained  therefore  to  try  the 
action  of  fused  hydrate  of  potash.  Datiscetine,  when  added  in 
small  successive  portions  to  fused  hydrate  of  potash,  assumed 
a  deep  orange  colour,  and  then  dissolved  with  evolution  of 
hydrogen  gas.  When  the  disengagement  of  hydrogen  ceased,  the 
mass  was  dissolved  in  water  and  supersaturated  with  hydrochloric 
acid.  A  partly  crystalline  resinous  substance  separated,  which,  by 
sublimation,  yielded  perfectly  colourless  long  crystals,  closely 
resembling  benzoic  acid.  Their  solution  in  water  assumed,  on 
the  addition  of  perchloride  of  iron,  that  deep  violet  tiDt  which 
disappears  on  the  addition  of  hydrochloric  acid,  and  is  characteristic 
of  salicylic  acid. 

Action  of  Chromic  Acid. — Datiscetine  was  likewise  distilled  with 
bichromate  of  potash  and  sulphuric  acid ;  the  liquid  which  came 
over  did  not  contain  oily  drops,  but  had  the  smell  of  salicylous 
acid,  and  formed  with  persalts  of  iron  a  purple-coloured  solution. 

A  trace  of  salicylous  acid  appeared  therefore  to  have  been 
produced. 

It  follows  therefore,  I  think,  from  the  experiment  already 
detailed,  that  datiscine,  hke  salicine,  pliloridzine,  &c.,  is  a 
glucoside,  and  that  it  approaches  nearer  to  sahcine  than  any  other 
glucoside,  with  the  exception  of  populine,  yet  known.  In  fact 
I  am  not  aware  of  any  glucoside,  with  the  exception  of  salicine 
and  populine,  which,  when  treated  with  nitric  acid,  yields  nitro- 
salicyhc or  even  nitropicric  acid.  Phloridzine  and  phloretine,  for 
instance,  when  treated  with  nitric  acid,  are  stated  by  different 
experimenters  to  yield  only  oxalic  acid.  I  repeated  the  experi- 
ment with  phloretine,  and  obtained  much  oxalic  acid,  while  the 
residual  liquor  yielded  not  a  trace  of  chloropicrine  when  treated 
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with  hypochlorite  of  lime,  and  consequently  contained  no  nitro- 
picric  acid.  Quercitrine,  when  likewise  treated  with  nitric  acid, 
was  also  found  to  yield,  as  Rigaud  states,  only  oxalic  acid,  I 
had  no  opportunity  of  trying  esculetine,  but  it  is  stated  by  those 
who  have  investigated  it  to  yield  only  oxalic  acid. 

I  Avill  conclude  this  account  of  datiscine  by  proposing  the  fol- 
lowing practical  application.  As  is  well  known,  the  colouring 
matter  of  madder  when  boiled  with  dilute  sulphuric  acid  is  changed 
into  sugar  and  garancine,  a  new  dye-stuff,  which  for  many  pur- 
poses is  found  superior  to  that  onginally  present  in  the  madder. 

Within  the  last  twelve  months,  Mr.  Lieshing,  by  treating  the 
colouring  matters  in  weld  and  quercitron  bark  with  dilute  sulphuric 
acid,  has  resolved  them  into  new  colouring  matters,  which  are  but 
slightly  soluble  in  water,  and  are  found  nearly  three  times  more 
powerful  as  dye-stuffs  than  the  original  colouring  matters  from 
which  they  had  been  produced.  As  datiscine,  when  boiled  with 
dilute  sulphuric  acid,  undergoes  a  perfectly  similar  transformation, 
being  resolved  into  sugar  and  datiscetine,  which  has  a  much  higher 
colouring  power  than  the  datiscine  which  has  produced  it,  I  have 
not  the  least  doubt  that  silk-dyers,  who  may  hereafter  employ 
solutions  of  Datisca  cannabina,  will  find  it  highly  advantageous  to 
convert  their  datiscine  into  datiscetine  by  boiling  it  with  dilute 
sulphuric  acid;  as  the  process  is  an  extremely  simple  one,  and  as 
the  datiscetine,  from  its  sparing  solubility  in  water,  can  be  very 
readily  obtained  in  a  state  of  comparative  purity. 

Ptychotis  Ajowan. 

The  Ptychotis  Ajowan  is  an  umbelliferous  plant,  well  known 
in  India  for  its  aromatic  and  carminative  properties.  Its  seeds, 
which  very  much  resemble  in  appearance  those  of  the  caraway, 
only  being  much  smaller,  have  a  very  agreeable  odour,  resembling 
oil  of  thyme. 

On  distilling  these  seeds  repeatedly  with  water,  the  essential  oil 
is  very  easily  obtained,  amounting  to  between  five  and  six  per 
cent,  of  the  weight  of  the  seeds.  This  oil  has  a  light  brown 
colour,  and  possesses  an  agreeable  aromatic  odour.  Its  specific 
gra\ity  is  0896  at  12°  C. ;  and  upon  leaving  the  oil  for  some  time 
in  an  open  dish  to  spontaneous  evaporation,  the  temperature  at 
the  time  being  comparatively  low,  large  beautiful  crystals  were 
deposited,  which  on  examination  were  found  to  be  identical  with 
the  stearopten  brought  from  India  by  the  late  Dr.  Stocks,  and 
described  by  me  in  a  short  notice  published  iu  the  number  of  the 
"Pharmaceutical  Journal  "  for  December  1854.  When  the  crude 
oil  is  submitted  to  distillation,  it  begins  to  boil  at  160°  C,  the 
thermometer  rising  rapidly  to  174°  C.  The  thermometer  then 
rises  to  220°  C,  and  the  oil  which  comes  over  at  this  temperature 
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crystallizes  on  cooling.  The  residue,  which  does  not  immediately 
crystallize,  on  remaining  at  rest  for  some  time,  solidifies  into  a 
crystalline  mass,  the  crystals  having  precisely  the  same  form  as 
those  obtained  by  spontaneous  evaporation,  and  amounting,  in 
weight,  to  from  one -third  to  one-fourth  of  the  crude  oil.  As  it 
seemed  probable  from  these  experiments,  therefore,  that  Ptychotis 
oil,  like  many  other  essential  oils,  is  a  mixture  of  a  liquid  hydro- 
carbon and  of  a  less  volatile  oxygenated  stearopten,  I  proceeded 
to  separate  these  compounds. 

The  Hydrocarbon. — The  more  volatile  portion  of  the  oil  was 
redistilled,  that  part  of  it  which  boiled  at  176°  C.  being  separately 
collected.  After  having  been  dried  with  chloride  of  calcium,  it 
was  distilled  over  caustic  potash.  It  was  then  repeatedly  treated 
with  sodium,  and  again  cautiously  rectified.  The  hydrocarbon 
thus  obtained  was  perfectly  colourless,  refracted  light  strongly, 
and  had  a  pungent,  aromatic  odour,  quite  dissimilar,  however, 
from  that  of  oil  of  thyme.  Its  boiling-point  was  found  to  be 
172°  C,  a  thermometer  being  placed  in  the  vapour,  and  its  specific 
gravity  0-854  at  12°  C.  Analysis  shows  that  it  is  isomeric  with 
oil  of  turpentine. 

Required.  Found. 


C,o  =  60 
Hs=  8 

88-23 
11-77 

88-31 
11-59 

88-15 
11-49 

68 

100-00 

When  the  oil  was  treated  with  hydrochloric  acid,  no  crystalline 
compound  was  obtained,  but  a  brown  mobile  liquid,  having  an 
agreeable  smell  similar  to  the  oil  itself. 

The  Stearopten. — I  have  already  mentioned  that  the  portion 
remaining  in  the  retort  from  the  distillation  of  the  crude  oil 
solidified  on  cooling  into  a  crystalline  mass.  AVhen  cautiously 
rectified  it  began  to  boil  at  218°  C,  the  thermometer,  towards  the 
latter  part  of  the  distillation,  rising  to  225°  C,  and  even  higher. 
The  greater  portion,  however,  came  over  at  about  222°  C.  The 
first  portion  which  came  over  was  quite  colourless,  and  had  a  mild 
aromatic  smell,  but  the  subsequent  portions  had  a  more  pungent 
odoiu-,  and  a  yellowish  colour.  The  more  volatile,  and  by  far  the 
larger  portion  of  the  distillate,  crystalhzed  on  cooling,  especially 
when  agitated,  the  crystals  assuming  a  rhombohedral  form.  When 
it  was  kept  quite  quiet,  however,  it  remained  liquid  for  several 
days,  but  on  being  plunged  into  a  freezing  mixture  it  immediately 
soUdified.  The  less  volatile  and  more  coloured  portion  of  the 
distillate  could  not  be  made  to  crystallize,  even  when  kept  in  a 
mixture  of  snow  and  salt.  The  form  of  the  crystals,  obtained  by 
the    solidification    of  the   distilled  stearopten,  appeared   at   first 
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sight  to  differ  from  that  of  the  stearopten  from  India  given  me 
by  Dr.  Stocks;  but^  upon  these  crystals  being  dissolved  in  the 
hydrocarbon  of  the  oil,  they  were  obtained  in  forms  precisely 
similar  to  those  of  the  Indian  stearopten.  This  was  also  the  case 
when  either  the  crude  or  the  distilled  crystals  were  deposited  from 
their  solutions  in  alcohol  or  ether. 

The  following  are  the  results  of  the  analyses  of  the  stearopten 
obtained  from  different  sources. 

A.  Stearopten  from  India.*  B.  Stearopten  obtained  by  the 
spontaneous  evaporation  of  the  oil.  C.  Distilled  stearopten  recrys- 
tallized  from  the  oil. 

Found. 
Kequired,  A.  B.  C. 

Cjo  =  60  80-00  79-53  79-38  79-34  79-50  80-36  80-33 
By  =  7  9-33  9-43  9-19  9-19  906  909  938 
0=8     10-67         _____ 

75  100-00 

D.  Distilled  stearopten  not  recrystallized  out  of  the  oil.  E. 
The  same  crystals  recrystallized  out  of  ether  and  pressed  between 
folds  of  blotting-paper.  F.  The  last  (now  crystallizable)  part  of 
the  distillation. 

D^ E.  F. 

C  =  78-58         78-26         78-84         78-90         76-71         76-92 
H=    9-09  9-06  9-09  9-20  948  925 

It  will  be  seen,  by  the  above  analyses,  that,  during  distillation, 
the  stearopten  undergoes  partial  decomposition,  the  amount  of 
carbon  being  thus  decreased. 

The  analyses  D.  and  E.  were  evidently  made  with  an  impure 
substance,  but  the  analysis  F.  agrees  in  a  surprising  manner  with 
the  numbers  calculated  from  the  formula  CjgH^^Oo,  which  requires 
C  76-92  per  cent,  and  9-40  H. 

I  do  not,  however,  wish  it  to  be  supposed  that  the  formula  given 
above,  or  the  double  of  it,  viz.,  C3qH220^,  is  the  true  formula  for  that 
substance ;  nevertheless  I  may  observe  that  it  bears  a  very  simple 
relation  to  the  formula  of  the  stearopten  itself.  The  one  may  be 
regarded  as 

3CioH6  +  4H0 
and  the  other 

3CioH,  +  3H0, 

that  is,  as  two  different  hydrates  of  the  same  hypothetical  hydro- 

*  In  the  December  Number  of  the  "Pharmaceutical  Journal"  for  1854,  I  pub- 
lished an  anal^-sis  of  the  stearopten  made  from  a  small  portion  of  the  substance 
given  me  by  the  late  Dr.  Stocks.  This  I  have  subsequently  found  to  be  inaccurate, 
and  the  analj'ses  given  above  are  substituted  in  its  stead. 
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carbon  CjQHg,  or  C2oHj2,  which  perhaps  might  have  been  obtained 
by  distilling  the  stearopten  with  anhydrous  phosphoric  acid. 

All  experiments  made  with  a  view  of  determining  the  basic  or 
acid  properties  of  the  stearopten,  gave  negative  results.     AATien  an 
alcoholic  solution  of  the  crystals  was  mixed  with  one  of  acetate  of 
lead,  no  precipitate  was  formed,  and  the  same  was  the  case  with 
nitrate   and    ammonio-nitrate   of    silver.      The   crystals   of   the 
stearopten  dissolve  when  gently  warmed  in  oil  of  ■sdtriol,  heat 
being  evolved,  and  a  pui*ple  colour  produced.     On  standing,  the 
whole  solidified,  and  the  mass  thus  obtained  was  very  soluble  in 
water,   yielding   a  colom'less   solution,  with   drops  of  a  red  oily 
liquid   floating   in   it,   produced   probably  by  the   action  of  the 
sulphuric    acid    on    some    of    the    hydi'ocarbon    adhering   to   the 
stearopten.     When  dissolved  in  a  small   quantity  of  hot  water, 
the  copulated  acid  was  deposited,  on  the  cooling  of  the  solution, 
in  fine,  coloui'less,  scaly  crystals.     I  regret  that  the  small  quantity 
of  the  substance  at  my  disposal  prevented  me  from  deteraiining 
the  equivalent  of  the  stearopten  by  means  of  the  acid  or  one  of 
its   salts.     I  obtained   both   the  baryta   and  the   lead  salt  in   a 
crystallized  state  by  neutralizing  the  solutions  of  the  acid  with 
the   carbonates   of  those   bases.     Their   analysis,   however,   gave 
iiTCgular  results,  as,  owing  to  the  smallness  of  theii'  quantity,  I 
could  not  prepare  them  in  a  state  of  perfect  purity.    In  the  former 
notice  of  the  stearopten,  already  mentioned,  it  was  stated  that  by 
long    continued    digestion    with    concentrated    nitric    acid,    the 
stearopten  was  dissolved,   and  a  colourless  crystalline  acid  pro- 
duced.    This  acid  is  neither  oxalic  acid,  nor,  apparently,  any  of 
the  nitrogenated  acids.     At  least,  when  warmed  with  hj^ochlorite 
of  lime,  it  gives  off"  no  chloropicrine.     I  suspect ,  therefore,  that  it 
will  be  found  to  be  a  new  acid,  the  examination  of  which  I  hope 
ere  long  to  lay  before  the  Society.     From  the  physical  properties 
and  the  elementary  composition  of  the  stearopten  of  the  Ptychotis 
Ajoivan,  it  struck  me  that  it  was  very  similar  to,  if  not  identical 
with,  the  solid  portion  of  oil  of  thyme,  described  by  Lallemand 
in  his  recent  papers  on  that  substance.*     This  idea  induced  me  to 
distil  the  stearopten  dissolved  in  oil  of  Aitriol  with  an  excess  of 
peroxide  of  manganese.     As  anticipated,  besides  formic  acid,  there 
came  over  yeUow  drops  which  solidified  on  cooling,  forming  large 
cr\-stals,  having  a  peculiar  odour,  somewhat  resembling  iodine  or 
kinone,  and  agreeing  in  every  respect  with  the  substance  described 
by  Lallemand  as  thymol. 

Before  Lallemand  has  published  his  experiments  in  detail, 
which  are  now  only  known  fi'om  the  two  notes  in  the  "  Comptes 
Rendus,"  I  do  not  think  it  possible  to  decide  with  perfect  cer- 
tainty whether  thymol  and  the  stearopten  of  the  Ptychotis  are 
really  identical  substances,  and  even  then,  perhaps,  it  will  be 
*  Compt.  Rend,  de  I'Acad.  xixvii.,  498,  and  xxxviii.,  1022. 
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found  necessary  to  make  more  complete  experiments  with  the 
stearopten  of  the  Ptychotis.  The  hypothesis  of  their  identity, 
however^  appears  to  me  highly  probable  from  the  great  similarity 
existing  in  the  most  important  properties  of  those  substances, 
I  may  add,  that  I  agree  with  Gerhardt*  in  considering  the 
crystalHzable  substance  obtained  by  Arppef  from  the  essential 
oil  of  the  Horse-mint  {Monarda  punctata,  huile  de  monarde),  to  be 
identical  with  Lallemaud^s  thymol  and  Doveri'sJ  less  volatile 
portion  of  the  oil  of  thyme. 

All  these  substances  gave  nearly  the  same  numerical  results 
when  subjected  to  analysis. 

Uoveri  observed  two  boiling-points,  one  between  175°  and 
180°  C,  and  the  other  between  230°  and  235°  C. 

Lallemand  found  the  boihng-point  of  his  thymene  to  be 
1G5°  C,  and  obtained  a  liquid  hydi'ochloric  acid  compound. 

Arppe^s  crystallizable  substance  from  the  horse-mint  oil  was 
found  to  melt  at  48°  C,  to  sohdify  at  38°  C,  and  to  boil  at 
224°  C. 

The  crystals  were  rhombohedral,  having  one  angle  of  97°  30' 
and  another  of  82°  30'. 

The  Ptychotis  oil,  according  to  my  experiments,  contains  a 
hydrocarbon  boiling  at  172°,  and  forming  a  liquid  hydrochloric 
acid  compound,  and  a  crystallizable  substance  melting  at  44°  C, 
and  boiling  at  about  222°  C.  Two  properties,  however,  I  observed 
diflFerent  from  those  given  by  Lallemand,  viz.,  that  the  stearopten 
of  the  Ptychotis  is  precipitated  (in  a  liquid  state)  from  its  alcoholic 
solutions  by  water,  and  that  potash  does  not  dissolve  it,  but  merely 
causes  it  to  assume  the  liquid  state. 

From  the  results  of  these  experiments,  therefore,  I  think  we 
may  confidently  infer  that  the  stearopten  of  the  Ptychotis  oil,  and 
the  crystallizable  oxygenated  portion  of  oil  of  thyme,  examined 
by  Lallemand,  if  not  identical,  as  1  apprehend  they  are,  are 
certainly  extremely  similar  bodies. 

Gum  of  the  Gardenia  lucida,  Roxb.  {the  Decamalee   Gum  of 

Scinde). 

The  specimen  of  this  gum  on  which  I  operated  was  evidently 
very  old.  It  formed  a  hard,  dry  mass,  of  a  dark  brown  colour, 
with  numerous  patches  of  greenish-yellow  matter  disseminated 
through  it.  It  had  but  a  faint  odour,  unless  fi'eshly  fractured  or 
gently  heated,  when  it  smelt  like  the  urine  of  the  cat,  A  com- 
paratively recent  specimen  of  this  gum,  which  I  saw  in  the  hands 
of  the  late   Dr.  Stocks,  had  nearly  the  consistence  of  candied 

*  Traits  de  Chimie  Organique,  iii,  610. 

+  Ann.  Ch.  Pharm.  Iviii,  41;  Chem.  Gaz.,  December  1846. 

J  Ann.  Ch.  Phys.  [3]  xx,  174. 
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honey,  and  an  exceedingly  offensive  odour.  Dr.  Stocks  informed 
me  that  the  recent  gum  was  employed  as  a  dressing  for  wounds, 
as  it  kept  off  the  flies. 

The  resin  was  digested  in  strong  spirits  of  wine  till  a  saturated 
solution  was  obtained.  This,  on  cooling,  immediately  deposited 
some  yellow  amorphous  flocks.  These  were  separated  by  filtra- 
tion, and  the  clear  liquid  slowly  evaporated  in  vacuo.  On  standing 
a  few  days,  it  deposited  slender  golden-yellow  crystals,  about  half 
an  inch  in  length.  The  crystals  had  considerable  lustre,  and  were 
very  brittle.  To  this  crystalline  substance  I  propose  giving  the 
provisional  name  of  Gardenine. 

Gardenine  is  nearly  insoluble  both  in  cold  and  hot  water.  It 
dissolves  pretty  readily  in  alcohol,  but  much  less  easily  in  ether, 
yielding  bright  yellow  solutions,  out  of  which  it  crystallizes  on 
coohng.  Alkalies,  such  as  ammonia,  do  not  appear  to  increase 
its  solubility.  It  is  slightly  soluble  in  hot  hydrochloric  acid. 
Strong  oil  of  vitriol  dissolves  gardenine  in  the  cold  with  the  pro- 
duction of  a  beautiful  dark  red  colour.  On  adding  water  to  this 
solution,  the  gardenine  is  precipitated  apparently  unchanged.  Its 
alcoholic  solutions  give  no  precipitates  with  ammonio-nitrate  of 
silver,  or  with  basic  acetate  of  lead.  When  gardenine  is  digested 
with  concentrated  nitric  acid,  it  is  rapidly  decomposed,  nitropicric 
acid,  but  apparently  no  oxalic  acid,  being  produced. 

Unfortunately,  from  the  very  small  quantity  of  resin  at  my 
disposal,  I  was  unable  to  prepare  a  suflicient  amount  of  the 
gardenine,  either  to  subject  it  to  analysis,  or  to  examine  it  more 
particularly.  Dr.  Royle  has,  however,  already  commissioned  a 
large  quantity  of  the  resin  from  India,  which  I  trust  will  ere  long 
enable  me  to  complete  its  examination. 

Gardenine  appears  to  belong  to  the  tolerably  numerous  class  of 
indifferent  crystallizable  resins,  of  which  it  is  certainly  one  of  the 
most  beautiful. 

Notes  on  Datisca  cannabina,  Ajowan,  and  Decamalee  Gum, 
received  from  Dr.  Royle,  March  12,  1856. 

Ikl-beer,  the  stems  and  roots  of  Datisca  cannabina. — "Datisca 
is  found  both  in  the  Old  and  New  World,  existing  in  the  latter  in 
Pennsylvania.  D.  cannabina,  so  named  from  its  great  resemblance 
to  the  Hemp-plant,  extends  from  the  south  of  Europe  and  Asia 
Minor  through  Iberia  to  the  valleys  of  the  Himalaya.  I  have 
obtained  it  from  Cashmere  and  Kunawm,  and  found  it  at  the  foot 
of  the  Choor  and  Kedarkanta  moiintains.  It  spreads  also  to 
Nepal;  D.  nepalensis,  Don,  being  the  same  species." — Royle, 
Himal.  Bot.  p.  340. 

The  Ikl-beer  is  much  esteemed  in  the  Punjab  for  dyeing  silk  of 
a  yellow  colour.     It  is  probable  that  some  of  the  silk  scarves  of  a 
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lemon-yellow  colour,  which  were  much  admired  by  artists  for  the 
delicacy  of  their  colour,  had  been  dyed  by  this  substance,  as  it  is 
there  esteemed  for  dyeing  silk  of  this  colour. 

Ajivain. — "The  remaining  Umbelliferse,  which  are  known  in 
India,  are  those  found  only  in  a  cultivated  state ;  but  this  from  so 
remote  a  period  as  to  have  become  perfectly  naturalized,  and 
known  to  the  natives,  as  well  as  to  have  names  given  to  them  in 
the  languages  of  different  parts  of  the  country ;  some  also  have 
not  as  yet  been  found  in  other  parts  of  the  world ;" — "  as  Ptychotis 
Ajoivan,  known  everywhere  by  the  name  AJtoain,  slightly  varied 
in  different  districts." — "  In  addition  to  these,  Ptychotis  sylvestris, 
nob.,  called  arub  ajiva'm,  is  used  as  a  carminative  by  the  natives.'^ 
— Royle,  Himalaya  Bot.  p.  229. 

"  Dr.  Roxburgh,  in  describing  Ligusticum  Ajowan,  states,  he 
cannot  conceive  that  this  famous  Indian  plant,  aromatic  in  smell, 
pungent  in  taste,  used  both  by  natives  and  Europeans  for  culinary 
and  medicinal  purposes,  can  be  unknown  to  European  botanists. 
To  Ajwain  Persian  authors  assign  nankhwah  as  the  Ai'abic  name. 
This  is  the  Nankhwah  of  Avicenna,  written  nanachua  and 
nanachue  in  the  mai'ginal  translation  of  Ammi,  in  the  Latin 
edition  of  his  works ;  which  names  are  quoted  under  Ammi  by 
Mathiolus,  in  his  Commentaries  on  Dioscorides.  But  in 
Persian  works  on  Materia  Medica,  Aammi  is  also  given  as  the 
Greek  synonym  of  nankhwah,  that  is,  of  Ajwain,  which  Dr. 
E-oxburgh  justly  supposed  could  not  be  unknown  to  Europeans. 
This  plant  has  been  referred  by  M.  De  Candolleto  the  genus 
Ptyhcotis,  which  brings  it  near  P.  copticum,  called  at  one  time 
Ammi  copticum:  the  Ammi  itself  is  called  Cuminum  jEthiopicum 
and  regium;  the  latter  name  is  translated  by  Kumoon  Mul- 
lookee,  and  is  given  as  a  synonym  of  nankhwah  in  Persian 
authors." — L.  c.  p.  230.  It  is  probable  therefore  that  this  Indian 
species  of  Ptychotis  has  long  been  employed  as  the  Aammi  of  the 
Greeks. 

Decamalee. — "This  is  the  gum  of  the  Gardenia  lucida.  It 
exudes  in  amber- coloured  transparent  drops,  at  the  ends  of  the 
young  shoots,  and  from  thence  is  collected.  It  is  most  useful  in 
preventing  vermin  fi'om  breeding  in  womids.  It  is  brought  to 
Bombay  from  tlie  interior." — Bombay  List  of  Articles  for  Exhi- 
bition o/  1851,  p.  30. 
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Researches   on   the  Action   of  Sulphuric   Acid  upon  the  Amides  and 
Nitriles,  togrether  with  reniarlis  upon  the  Conjugate  Sulpho-acids. 

By  George  B.  Buckton,  Esq.,  F.L..S.,  F.C.S.,  and  A.  W.  Hofmann, 
L..L..D.,  Ph.D.,  F.R.S.,  &C. 

Read  before  the  Eoyal  Society  June  12,  1856. 

Ever  since  the  experiments  of  Dumas,  Malaguti,  and  Leblanc 
on  the  one  hand,  and  those  of  Kolbe  and  Frankland  on  the 
other,  have  estabHshed  the  identity  of  the  hydrocyanic  ethers 
with  the  nitriles,  it  has  been  a  favourite  problem  with  chemists 
to  reproduce  the  alcohols  from  these  bodies,  the  solution  of  which 
would  afford  a  passage  from  an  acid  C2n  ll2n  ^i>  ^^  ^^  alcohol 

^2n-2  ^2ii^2' 

We  have  been  likewise  engaged  with  this  question.  The 
deportment  of  hydrocyanic  acid  (formonitrile)  under  the  influence 
of  concentrated  sulphuric  acid,  which,  as  is  well  known,  gives 
rise  to  an  evolution  of  carbonic  oxide,  suggested  an  examination 
of  the  other  nitriles  in  a  similar  direction.  There  appeared  to  be 
a  chance  of  producing  in  this  manner  from  a  nitrile,  the  sulpho- 
vinic  acid  of  an  alcohol  containing  two  equivalents  of  carbon  less 
than  the  nitrile.  Acetonitrile,  for  instance,  might  have  been  thus 
converted  either  into  sulphate  of  methylammonium  or  into  sulpho- 
methylate  of  ammonium. 

HCN^  +  2H0  +  H^S^Og  =  2C0  +  |  ^^^  |  S,0, 

V . ; 


Hydrocyanic  acid. 

Bisulphate  of  ammonium. 

C2H3C2N  +  2H0  +  H2S2O8  =  2C0  +  -j  N/H3     \  I  S^Og 

Acetonitrile,  or  Cyanide 


v» 


of  methyl.  Bisulphate  of 

methylammonium. 

or     =2CO+{NH4jsA. 

> , ' 

Methylosulphate  of  ammonium. 

Experiment  has  not  corroborated  either  of  these  anticipations. 
This  reaction  gives  rise  to  the  formation  of  a  remarkable  conjugate 
sulpho-acid,  which  may  be  considered  as  the  type  of  a  most 
extensive  class  of  analogous  compounds,  some  isolated  terras  of 
which  have  been  met  with  already  in  previous  investigations. 

Before,  however,  detailing  the  conditions  under  which  these 
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new  bodies  are  formed,  it  may  not  be  unacceptable  to  make  a  few 
statements  regarding  the  most  efficient  method  of  procuring  the 
nitrile  of  the  methyl-series  in  quantity  and  in  a  state  of  purity. 

Preparation  of  Acetonitrile. 

The  preparation  of  cyanide  of  methyl  (acetonitrile),  by  decom- 
posing sulphomethylate  of  potassium  with  cyanide  of  potassium, 
is  unsatisfactory,  both  as  to  quantity  and  quality  of  the  product 
obtained.  The  presence  of  a  minute  amount  of  moisture  in  the 
materials  employed  gives  rise  to  a  number  of  secondary  products, 
the  chief  of  which  are  cyanide  and  carbonate  of  ammonium,  and 
a  gas  possessing  a  highly  offensive  odour,  which  imparts  to  the 
distillate  a  smell  not  at  all  due  to  the  nitrile  itself.  By  far  the 
most  advantageous  method  of  preparing  acetonitrile  consists  in 
acting  upon  acetamide  with  anhydrous  phosphoric  acid,  as  proposed 
by  M.  Dumas, 

Acetic  ether  is  not  immediately  soluble  in  a  moderate  quantity 
of  aqueous  ammonia ;  but  after  five  or  six  hours'  contact,  the 
layers  at  first  formed  disappear,  and  the  liquid  becomes  homo- 
geneous. 

If  distillation  be  now  at  once  commenced,  scarcely  a  trace  of 
acetamide  will  be  obtained.  The  change,  on  the  other  hand,  is 
complete  if  the  mixture  be  exposed  for  some  hours  to  a  tempera- 
ture of  120°  or  130°  C. 

We  have  employed  in  this  operation  a  wrought- iron  cylinder, 
similar  to  that  used  by  Dr.  Frankland  in  his  researches,  which 
had  been  constructed  for  us  by  Mr.  James  Nasmyth,  who  never 
fails  most  kindly  and  liberally  to  lend  the  extraordinary  resources 
of  his  celebrated  establishment  for  scientific  pu^DOses.  Equal 
volumes  of  acetic  ether  and  concentrated  ammonia  were  intro- 
duced into  the  boiler,  the  brass  valve  of  which  was  protected  from 
corrosion  by  a  steel  screw  and  leaden  washer.  After  six  hours* 
digestion,  the  acetamide  was  separated  by  distillation  with  the 
thermometer  from  the  alcohol  formed,  that  part  only  being 
reserved  as  anhydrous  which  had  passed  over  above  200°.  When 
acetamide  is  intimately  mixed  with  about  an  equal  volume  of 
anhydrous  phosphoric  acid  in  a  retort,  a  powerful  action  com- 
mences immediately,  and  the  nitrile  passes  over  colourless,  but 
contaminated  with  acetic  and  hydrocyanic  acids.  Towards  the 
end  of  the  operation,  it  is  necessary  to  use  a  strong  heat  to  drive 
off  the  last  portions.  The  distillate  is  now  agitated  with  just 
sufficient  aqueous  potash  to  neutralize  the  acids,  when  the  nitrile 
floats  on  the  surface,  and  may  be  removed  for  rectification  over  a 
fresh  quantity  of  phosphoric  acid,  to  render  it  perfectly  anhydrous. 
Pure  acetonitrile  possesses  an  ethereal  odour,  faintly  recalling  that 
of  cyanogen;  its  aromatic  taste  is  pungent,  but  not  disagreeable. 
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We  observed  the  boiling-point  77° — 78°,  which  coincides  with  that 
observed  by  Dumas.  It  does  not  appear  to  have  been  previously- 
noticed,  that  acetonitrile  burns  with  a  luminous  flame,  the  edges 
of  which  are  beautifully  tinged  with  peach-blossom  colour.  The 
flame  and  odour  of  acetoniti'ile  unmistakeably  bespeak  the  cyanic 
relations  of  this  compound. 

Action  of  Sulphuric  Acid  on  Acetonitrile. 

This  body,  when  mixed  with  its  own  volume  of  fuming  sulphuric 
acid,  gives  rise  to  a  very  energetic  reaction,  a  considerable  amount 
of  heat  being  evolved,  which  causes  much  of  the  nitrile  to  volati- 
lize and  thus  escape  decomposition.  In  order  to  avoid  this,  the 
operation  is  best  conducted  in  a  retort  surrounded  with  cold 
water,  when  a  perfect  mixture  can  be  efl"ected,  scarcely  a  change 
of  colour  becoming  perceptible.  On  application  of  heat,  the  mix- 
ture intumesces  powerfully  with  copious  evolution  of  a  gas  which, 
on  examination  over  mercury,  proves  to  be  carbonic  acid,  without 
a  trace  of  carbonic  oxide;  at  the  same  time  strong  acetic  acid 
passes  into  the  receiver.  If  the  temperature  be  kept  up  by  the 
gas-flame  until  the  eff'ervescence  almost  entirely  ceases,  the  mass 
when  cold  forms  a  brown,  tough,  and  transparent  solid,  readily 
soluble  in  water  and  in  alcohol.  The  aqueous  solution,  boiled 
with  an  excess  of  carbonate  of  barium,  is  then  passed  through  a 
hot'-nater  filter,  when  a  magnificent  salt  is  deposited,  in  the  form 
of  brilliant  colourless  rectangular  plates  which,  when  gathered 
in  mass,  exhibit  a  nacreous  lustre.  This  salt  is  remarkably 
stable.  It  loses  no  weight  at  100°  C,  but  gives  off"  water  of 
crystaUization  somewhat  below  150°.  At  a  temperature  of  220° 
the  substance  still  remains  unaltered,  but  when  heated  beyond 
this  point,  it  begins  to  turn  yellow,  and  disengages  water,  sul- 
phurous acid  and  carbonic  oxide,  whilst  sulphur  sublimes.  When 
strongly  heated,  it  becomes  incandescent,  leaving  a  residue  of 
sulphate  and  sulphite  of  barium.  The  new  salt  may  be  crystal- 
lized unchanged  from  hydrochloric  acid,  and  may  be  boiled  for 
hours  with  concentrated  nitric  acid,  without  formation  of  sulphate 
of  barium.     It  is  quite  insoluble  in  alcohol. 

Action  of  Sulphuric  Acid  upon  Acetamide. 

As  acetamide  differs  from  acetonitrile  only  in  containing  two 
additional  equivalents  of  water,  this  compound,  when  heated  with 
fuming  sulphuiic  acid,  undergoes  a  perfectly  analogous  trans- 
formation. 

From  the  comparative  facility  of  its  preparation,  acetamide 
offers  peculiar  advantages  for  procuring  the  new  substance  in  large 
quantity.     The   chief  difficulty  which   presents  itself  consists  in 
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operating  with  the  right  proportions  of  acid  and  amide.  Distilla- 
tion of  equal  volumes  of  dry  acetamide  and  ordinary  Nordhausen 
acid,  for  instance,  gives  scarcely  a  trace  of  anything  but  acetic 
acid  and  sulphate  of  ammonia.  The  most  efficient  propoi'tions  vre 
found  to  be  two  volumes  of  amide  to  three  volumes  of  acid.  The 
distillation  should  be  pushed  very  far,  in  fact  until  the  product  of 
distillation  is  accompanied  by  sulphurous  acid.  The  solution  of 
the  solid  residue  may  at  once  be  saturated  with  cai'bonate  of 
barium;  it  will  be  found,  however,  more  economical  to  treat  the 
liquid  with  finely-powdered  Carrara  marble  until  the  free  acid  is 
neutralized,  and  to  reserve  the  pure  carbonate  of  barium,  which  is 
so  difficult  to  wash  thoroughly,  merely  for  decomposing  the  sulphate 
of  ammonium  towards  the  end  of  the  process.  The  liquid  must 
be  boiled  with  excess  of  the  carbonate  until  a  filtered  sample 
ceases  to  give  an  insoluble  precipitate  with  chloride  of  barium. 
The  liquid  thus  obtained  contains  now  in  solution  chiefly  iwo 
ammonium-salts,  one  of  which  is  scarcely  crystallizable,  whilst  the 
other  forms  large  and  regular  rhombic  crystals,  sometimes  an 
inch  in  diameter.  In  addition  to  these  ammonium-salts,  a  certain 
quantity  of  barium-  and  even  calcium-salts  are  present,  which  it 
is  necessary  to  decompose  by  carbonate  of  ammonium  in  excess 
before  an  attempt  is  made  to  eflPect  a  separation  of  the  two  salts. 

On  adding  a  saturated  solution  of  either  chloride  or  acetate  of 
barium  to  a  moderately  strong  solution  of  the  crystallized  ammo- 
nium-salt, the  liquid  becomes,  in  the  course  of  a  few  minutes, 
nearly  solid  from  the  deposition  of  a  mass  of  crystals  of  a  barium- 
compound,  which  may  be  collected  on  a  filter  and  well  washed 
with  cold  water  to  free  it  from  the  chloride  of  ammonium  and 
excess  of  the  precipitant. 

One  recrystaUization  from  boihng  water  furnishes  this  salt  in  a 
state  of  purity.  It  in  no  manner  differs  from  the  barium-salt 
previously  described  as  procured  from  acetonitrile.  The  identity 
is  moreover  proved  by  analysis. 

From  the  analytical  data  we  calculate  for  the  anhydrous  salt 
the  formula 

C  H  Ba  83  Og, 

but  considerations  which  we  shall  develope  hereafter,  especially 
the  production  of  similar  compounds  in  analogous  series,  induce 
us  to  double  this  expression,  and  to  represent  the  new  barium-salt 
by  the  formula, 

The  salt,  as  aheady  stated,  retains  water  of  crystallization  at 
100°  C.  In  two  determinations  this  water  was  found  to  amount 
to  2  equivalents. 

The  formula  of  the  crystallized  salt  is  therefore 
C2(H2Ba2)S,Oi2  +  4aq. 
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"We  propose  for  this  substance  the  name  disnJphometholate  of 
barium,  and  for  the  acid  the  term  disulpJiometholic  acid,  -without 
wishing,  however,  to  express  by  this  term  any  particular  view 
regarding  the  actual  arrangement  of  the  constituent  molecules  in 
the  substance. 

If  the  formula  above  given  be  correct,  disulphometholate  of 
barium  is  the  salt  of  a  bibasic  acid,  the  composition  of  which 
would  be  represented  by  the  expression 

furnishing  salts  of  the  general  formula, 

Acid  salt      .     .     .     C2(H3M)S4  0i2 
and  Neutral  salt      .     .     C2  (H2  M2)  S^  Oj2. 

The  barium-salt  which  has  been  described  belongs  to  the  second 
class. 

AVe  have  not  yet  succeeded  in  preparing  any  acid  salts.  Disul- 
phometholate of  barium  crystallizes  unchanged  from  a  hydrochloric 
acid  solution. 

Disidphometholic  Acid. — To  prepare  this  acid,  the  barium-salt 
is  precipitated  by  a  small  excess  of  sulphuric  acid,  which  is  again 
removed  by  means  of  oxide  of  lead.  Hydrosulphuric  acid  is  then 
passed  through  the  liquid,  which  thus  becomes  strongly  acid.  It 
may  be  concentrated  to  a  syrup  without  decomposition,  and  even 
carefully  heated  until  white  fumes  appear.  On  cooling  the  liquid 
thus  concentrated  under  the  receiver  of  the  air-pump,  a  crystalline 
mass  of  fine  radiated  needles  is  produced,  exceedingly  soluble  in 
water  and  veiy  deliquescent.  They  have  a  pui'e  acid  taste,  with 
somewhat  the  flavour  of  tartaric  acid.  The  attraction  of  this  acid 
for  water  is  so  great,  that  we  have  failed  in  obtaining  it  in  a  solid 
condition  by  evaporation  over  sulphuric  acid. 

It  is  not  changed  by  boiling  with  nitric  acid,  and  chlorine  gas 
passed  through  the  aqueous  solution  does  not  liberate  sulphuric 
acid. 

The  corresponding  salts  are  readily  obtained  by  digesting  the 
oxides  or  the  carbonates  of  the  various  metals  with  solution  of 
the  acid.  The  barium-salt  is  immediately  precipitated  by  adding 
chloride  of  barium  to  this  solution.  The  salts  are  all  soluble  in 
water,  but  insoluble  in  alcohol. 

Disidphometholate  of  Silver  crystalhzes  either  in  tufts  of  flat 
needles,  or  in  broad  tables  of  considerable  size.  It  is  produced 
when  the  aqueous  solution  of  the  acid  is  neutralized  with  carbonate 
or  oxide  of  silver.  We  had  hoped  to  obtain  crystals  of  sufficient 
regularity  for  measurement  of  the  angles ;  but  although  they  may 
be  easily  produced  of  sufficient  size,  the  edges  are  mostly  rounded 
and  imperfect. 

It  bears  a  temperatm-e  of  150°  C  without  decomposition,  but 
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blackens   and   froths   when   strongly   heated,    yielding    sulphur, 
sulphurous  acid,  and  metallic  silver.     It  is  insoluble  in  absolute 
alcohol,  but  may  be  crystallized  from  spirits  of  wine. 
This  salt  contains 

Disulphometholate  of  Ammonium, — The  formation  of  this  sub- 
stance has  been  already  described.  It  is  sparingly  soluble  in  cold, 
but  very  soluble  in  hot  water ;  from  which  it  is  again  deposited  in 
colourless  crystals,  often  an  inch  in  length.  They  are  anhydrous, 
decrepitate  when  heated,  and  bear  a  temperature  of  190°  without 
being  changed. 

Through  the  kindness  of  Mr.  Charles  Brooke,  we  are  enabled 
to  state  that  the  crystals  of  this  salt  belong  to  the  oblique  pris- 
matic system,  which  is  in  fact  nothing  more  than  a  hemihedral 
form  of  the  right  prismatic  system. 

When  submitted  to  analysis,  this  salt  gave  numbers  corresponding 
with  the  formula 

C,[H,(NH,)JS40,2. 

Disulphometholate  of  Potassium  is  most  readily  obtained  by  adding 
the  crystallized  barium-salt  by  degrees  to  a  boiling  solution  of 
carbonate  of  potassium,  avoiding  an  excess  of  the  former.  After 
filtration,  the  new  substance  separates  easily  from  excess  of  alkali 
in  fine  shining  needles  or  brilliant  grains,  according  to  the  rapid 
or  slow  precipitation  from  its  solution.  It  is  not  very  soluble  in 
cold  water,  one  part  requiring  fourteen  parts  of  water  at  22°  C  for 
solution. 

Disulphometholate  of  Zinc. — ^When  metallic  zinc  is  heated  with 
an  aqueous  solution  of  the  acid,  hydrogen  gas  is  liberated,  and  on 
concentration,  a  syrup  is  formed  which  crystallizes  with  great 
difficulty.     Alcohol  does  not  precipitate  this  salt  from  its  solution. 

Disulphometholate  of  Lead  forms  small  square  nacreous  plates 
not  unlike  those  of  the  barium-compound.  It  is  very  soluble  in 
water. 

Disulphometholate  of  Copper  is  produced  by  careful  precipitation 
of  the  barium-salt  hy  sulphate  of  copper.  It  yields  radiated 
needles  or  small  prisms  of  a  green  colour.  They  are  insoluble  in 
absolute  alcohol,  but  soluble  in  spirits  of  wine. 

We  have  not  succeeded  in  preparing  the  ethers  of  this  acid. 
We  anticipated  that  they  would  be  formed  by  bringing  together 
iodide  of  etliyl  and  disulphometholate  of  silver,  A  strong  solution 
of  the  silver-salt  reacts  at  once  on  the  iodide  without  application 
of  heat.  Iodide  of  silver  is  precipitated ;  but  the  ether  which  is 
formed  sjdits  immediately  into  disulphometholic  acid  and  alcohol, 
according  to  the  equation 

C2(H2Ag2)  S^O,,  +  2C4H3I  -I- 1110  =  2AgI  +  2C4H,02  +  C^H.S^Oi.,. 
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Examination  of  the  mother-liquor  of  Disulphometholate 
OP  Ammonium. 

Sulphacetate  of  Ammonium  and  Sulphacetate  of  Barium, 

It  has  been  already  noticed  that  another  salt  is  present  in  the 
mother-liquid  obtained  during  the  purification  of  disulphometholate 
of  ammonium.  To  procure  this  substance  in  a  state  of  purity,  the 
mother-liquid  was  concentrated,  and  the  crystals  of  the  disulpho^ 
metholate  removed  from  the  thick  syrup  as  completely  as  possible. 

After  a  moderate  addition  of  cold  water,  the  liquid  was  mixed 
with  an  excess  of  chloride  of  barium,  and  the  whole  allowed  to 
stand  for  five  or  six  minutes,  when  it  was  filtered,  and  the  filtrate 
set  apart  for  twenty-four  hours.  At  the  expiration  of  this  time,  a 
copious  granular  precipitate  had  formed  which  was  well  washed 
with  cold  water,  and  then  recrystallized  from  boiling  water,  in 
which,  when  once  deposited,  it  proved  to  be  very  little  soluble. 

This  substance  differs  both  in  its  crystalline  form  and  in  its 
reactions  from  the  disulphometholate.  When  strongly  heated,  it 
turns  black  and  burns  away  like  tinder.  The  residuary  mass, 
moistened  with  hydrochloric  acid,  evolves  hydrosulphuric  and  sul- 
phurous acid,  according  to  the  time  of  ignition. 

The  percentage  of  barium,  obtained  in  the  analysis  of  this 
salt,  agrees  well  with  the  amount  required  by  the  formula, 
C^{H^9.<^^^0-^^Q,  of  sulphacetate  of  barium. 

The  quantity  of  sulphacetate  of  ammonium  produced,  mainly 
depends  upon  the  degree  of  heat  maintained  during  the  reaction 
of  sulphuric  acid  upon  acetamide  or  acetonitrile.  If  the  mixture 
be  made  gradually  and  cooled  after  each  addition  of  acid,  the 
elimination  of  carbonic  acid  may  be  entirely  prevented,  and  the 
chief  product  is  then  sulphacetic  acid.  On  the  other  hand,  if  the 
heat  be  urged  as  far  as  is  practicable,  disulphometholic  acid  takes 
the  place  of  the  sulphacetic,  carbonic  acid  being  evolved  at  the 
same  time. 

Two  phases  may  therefore  be  traced  in  the  reaction.  In  the 
first,  nascent  acetic  acid  simply  combines  with  the  elements  of  two 
equivalents  of  anhydrous  sulphuric  acid.  In  the  second  phase,  the 
acetic  molecule  undergoes  a  more  thorough  transformation,  splitting, 
as  it  does,  into  carbonic  acid  and  marsh-gas,  the  latter  of  which 
combines  with  the  elements  of  four  equivalents  of  anhydrous 
sulphuric  acid. 

The  new  acid  may  also  be  regarded  as  sulphacetic  acid,  which, 
losing  carbonic  acid,  has  assimilated  an  equal  number  of  equiva- 
lents of  anhj'drous  sulphuric  acid. 

The  two  stages  in  the  action  of  sulphuric  acid  on  acetonitrile 
may  be  represented  by  the  following  equations : — 
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C,H3N  +  2HO  +  2H2S208=C4H4S20io  +  ^^^  }  S^Og 
Acetonitrile.  Sulphacetic  Acid. 

C,H3N  +  3H2S203=C2H,S,0,2  +  ^H^  }  S^Og  +  SCO^. 

Acetonitrile.  Disulphometholic 

acid. 

Acetamide  containing  but  two  equivalents  of  water  more  than 
acetonitrile,  the  production  of  sulphacetic  acid  and  disulphome- 
tholic acid  from  this  substance  is  intelligible  by  means  of  the  same 
equations. 

The  action  then  of  bases  and  of  acids  upon  acetic  acid  presents 
a  remarkable  analogy.  Under  the  influence  of  both  agents,  we 
may  assume,  it  splits  into  marsh-gas  and  carbonic  acid ;  in  the 
first  case,  it  is  the  carbonic  acid  which  is  fixed  by  the  alkali, 
whilst  in  the  latter  the  marsh-gas  remains  in  combination  with 
the  acid. 

The  possibility  of  assuming  the  existence  of  marsh-gas  in  disul- 
phometholic acid,  suggested  the  idea  of  endeavouring  to  combine 
marsh-gas  directly  with  sulphuric  acid.  The  dry  gas  obtained  by 
the  distillation  of  acetate  of  soda  with  potash-lime  was  passed  into 
a  receiver  charged  for  this  purpose  with  anhydrous  sulphuric  acid, 
but  we  could  not  detect  any  combination  of  the  two  bodies,  either 
at  the  ordinary  temperature  or  when  the  receiver  was  heated  to 
100°  C.  The  sulphuric  acid,  after  treatment  with  water  and  car- 
bonate of  barium,  furnished  no  soluble  salt  whatever. 

Although  we  have  thus  been  unable  to  convert  marsh-gas  into 
disulphometholic  acid,  we  have  found  that  this  acid  may  be  readily 
transformed  into  marsh -gas.  When  heated  with  hydrate  of 
baryta  the  salts  of  the  acid  yield  marsh-gas,  together  with  sulphate 
and  sulphite  of  barium.  A  method  is  thus  indicated  by  which 
probably  all  the  hydrocarbons,  C^2-2^n2}  ^^7  ^®  prepared  fi'om 
the  corresponding  sulpho-acids.^ 

The  simplicity  of  relation  which  exists  between  sulphacetic  and 
disulphometholic  acid,  left  no  doubt  in  our  mind  regarding  the 
convertibility  of  the  former  into  the  latter.  We  have  established 
this  fact  moreover  experimentally.  Sulphacetic  acid,  prepared  by 
the  action  of  anhydrous  sulphuric  acid  upon  glacial  acetic  acid, 
furnished  without  difficulty  disulphometholic  acid,  when  again 
treated  with  sulphuric  acid.  A  similar  observation  had  in  fact 
been  made  already  by  M.  Melsens.  This  chemist,  in  his  researches 
upon  the  sulphacetates,  appears  in  some  sort  to  have  anticipated 

*  We  are  unable  to  corroborate  M.  AimSe's  remarks,  that  marsh-gas  is  decom- 
posed by  sulphuric  acid  into  water,  carbon,  and  sulphurous  acid.  The  acid  remains 
colourless,  and  the  gas  after  the  process  exhibits  its  usual  properties  unmodified. 
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the  existence  of  tlie  disulpliometholates.  He  remarks  that  he  once 
found  in  the  mother-liquor,  obtained  from  the  preparation  of 
sulphacetate  of  silver,  a  crystalline  salt  the  composition  of  which 
he  represents  by  the  formula 

It  is  evident  that  this  was  nothing  but  the  disulphometholate  of 
silver,  but  M.  Melsens  does  not  appear  to  have  investigated  the 
subject  further,  or  to  have  connected  the  appearance  of  this  salt 
with  the  evolution  of  carbonic  acid  gas,  which  he  likewise  found 
among  the  secondary  products  of  the  action  of  sulphuric  acid  upon 
acetic  acid. 

The  chemical  character  of  disulphometholic  acid  is  so  marked 
and  the  reaction  which  produces  it  so  simple  and  definite,  that 
there  could  be  no  doubt  regarding  the  existence  of  numerous 
corresponding  terms  in  homologous  and  even  in  analogous  series 
of  substances.  In  fact  disulphometholic  acid  may  be  considered 
as  the  type  of  a  very  numerous  class  of  bodies  of  similar  compo- 
sition, some  of  which  are  actually  known,  while  a  great  many 
remain  to  be  discovered. 

We  have  ourselves  traced  the  formation  of  the  homologues  and 
analogues  of  disulphometholic  acid  in  several  higher  series  of 
bodies,  but  we  have  been  satisfied  in  establishing  the  existence  of 
these  substances,  without  entering  into  a  detailed  study  of  their 
properties. 

Ethyl-Series. 

Preparation  of  Propionitrile. 

The  formation  of  cyanide  of  ethyl  (propionitrile)  by  means  of 
cyanide  and  sulphovinate  of  potassium,  has  all  the  disadvantages 
above  enumerated  in  the  case  of  cyanide  of  methyl.  A  large 
quantity  of  an  inflammable  gas  of  a  highly  offensive  odour  is 
disengaged,  the  annoyance  of  which  may  be  avoided  by  conducting 
the  gas  from  the  receiver  of  the  liquid  into  the  cylinder  of  a  wire 
gauze  burner,  in  the  air-flame  of  which  it  is  perfectly  consumed. 
In  the  preparation  of  cyanide  of  ethyl  by  means  of  cyanide  and 
sulpho\dnate  of  potassium,  through  the  intervention  of  unavoidable 
moisture,  a  variety  of  different  reactions  appear  to  proceed  side  by 
side.     Together  with  the  formation  of  cyanide  of  ethyl, 

(C,H„K),S203  +  KCy  =  C^H.Cy  +  K^S.Og 


Sulphovinate  of  Cyanide  of 

potassium.  ethyl. 

considerable  quantities  of  carbonate  of  ammonium  are  produced, 
whilst  an  inflammable  gas  is  largely  generated,  which  is  nothing 
but  hydride  of  ethyl.  This  gas  is  not  absorbed  by  bromine ;  it 
therefore  cannot  contain  any  ethylene.    It  combines  with  chlorine, 
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forming  a  gaseous  compound,  burning  with  a  green-edged  flame. 
This  is  probably  the  substance  obtained  by  Drs.  Kolbe  and 
Frankland  when  treating  ethyl  with  chlorine  gas,  isomeric  with 
chloride  of  ethyl,  C^H^Cl.  When  in  contact  with  excess  of  clilorine 
it  yields  an  oily  sulDstance,  and  a  crystalline  body  having  the 
properties  and  composition  of  sesquichloride  of  carbon. 

It  is  from  this  fact  chiefly  that  we  infer  the  identity  of  the 
inflammable  gas  generated  in  the  preparation  of  propionitrile  with 
hydride  of  ethyl, 

C^He  +  12C1  =  C^Clg  +  6HC1. 

Hydride  Sesqui- 

of  ethyl,  chloride  of 

carbon. 

The  oily  liquid  observed  obviously  consisted  of  the  intermediate 
substitution-terms. 

These  substances  are  evidently  secondary  products  of  the 
decomposition  of  cyanide  of  ethyl, 

C.H^Cy  -f  6H0  =  C,H,H  +  ^^^   I  ^A- 

Cyanide  of  Hydride  of     JT      7^ 

ethyl.  ethyl.  Bicarbonate  of 

ammonium. 

Cyanide  of  ammonium  is  likewise  invariably  present,  prussic 
acid  being  generated  by  the  action  of  water  upon  the  cj'anide  of 
potassium,  while  alcohol  is  reproduced  to  a  very  considerable 
extent.  Lastly,  this  process  gives  rise  to  a  most  remarkable  body 
with  a  most  insupportable  prussic  smell,  the  formation  of  which 
we  have  traced  in  a  great  variety  of  reactions.  We  have  not 
completed  the  study  of  this  compound. 

The  method  finally  adopted  for  obtaining  propionitrile  in  suffi- 
cient quantity  for  us  to  experiment  upon  was  that  recommended 
by  Dr.  Williamson,  viz.,  the  digestion  of  cyanide  of  potassium 
with  iodide  of  ethyl  in  four  volumes  of  alcohol  as  a  vehicle.  The 
presence  of  so  much  alcohol,  from  which  the  cyanide  cannot  be 
separated  by  rectification,  on  account  of  the  similarity  of  their 
boiling-points,  is  an  evil  which  unfortunately  involves  a  series  of 
tedious  processes,  namely,  conversion  of  the  nitrile  into  propionate 
of  potassium,  by  the  action  of  caustic  potassa,  separation  of  the 
alcohol  by  distillation,  preparation  of  propionic  ether,  transforma- 
tion of  the  latter  into  propionamide  by  the  action  of  ammonia 
under  pressure,  action  of  phosphoric  acid  upon  propionamide  to 
form  the  nitrile,  and  ultimately  dehydration  of  the  nitrile  by 
means  of  anhydrous  phosphoric  acid. 

In  preparing  disulphctholic  acid  we  have  almost  invariably 
employed  propionamide,    on   account   of  its   easier   preparation. 
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We  have,  however,  established  by  experiment  that  propionitrile 
exhibits  with  sulphiu'ic  acid  exactly  the  same  deportment  as  pro- 
pionamide.  To  effect  the  transformation  of  the  propionamide 
with  success,  it  is  necessary  to  employ  this  substance  in  a  perfectly 
anhydrous  condition.  Unless  this  point  be  properly  attended  to, 
sulphuric  acid  produces  principally  sulphate  of  ammonium  and 
propionic  acid;  for  this  purpose  the  amide  should  be  heated  in  a 
retort,  and  that  portion  only  collected  which  passes  over  above  the 
temperature  of  210°  C.  Below  this  point  the  amide  retains  sufl&- 
cient  water  to  prevent  perfect  crystallization. 

On  mixing  equal  volumes  of  melted  amide  and  fuming  sulphuric 
acid,  very  considerable  heat  is  disengaged;  the  temperature  must 
be  regularly  maintained  until  carbonic  acid  ceases  to  be  evolved 
and  propionic  acid  no  longer  distils  over.  Some  experiments  are 
necessary  in  order  to  fix  the  quantity  of  acid  required  for  the 
conversion  of  the  propionamide,  since  commercial  Nordhausen 
acid  varies  considerably  in  composition.  If  too  much  acid  be 
employed,  the  mixture  is  often  perfectly  carbonized,  whilst  too 
little  acid  gives  rise  to  the  formation  of  either  sulphopropionic  or 
propionic  acid. 

If  care  be  taken  to  regulate  the  heat  so  as  just  to  keep  up  the 
liberation  of  carbonic  acid,  the  amount  of  disulphetholic  acid  may 
be  considerably  increased. 

The  soKd  residue  in  the  retort,  when  cold,  is  dissolved  in  water, 
and  treated,  as  in  the  case  of  disulphometholic  acid,  first  with 
carbonate  of  barium,  and  subsequently  with  carbonate  of  ammo- 
nium. On  evaporation  the  liquid  thus  obtained  furnishes  two 
salts,  one  of  which  is  quite  uncrystallizable,  and  must  be  separated 
from  the  other  by  washing  with  weak  spirit.  A  crystalline  sub- 
stance remains  on  the  filter,  which,  after  two  or  three  crystalliza- 
tions from  hot  water,  is  the  pui'e 

Disulphetholate  of  Ammonium. — "V\Tien  deposited  from  an  aqueous 
solution,  tliis  salt  forms  regular  cubic  crystals  or  square  prisms, 
perfectly  colourless.  It  is  insoluble  in  alcohol  and  in  ether.  In 
its  general  behaviour  this  substance  differs  but  little  from  the 
corresponding  salt  of  the  methyl-series,  the  principal  feature  of 
difference  being  a  greater  solubility  and  its  leaving  a  carbonaceous 
residue  when  strongly  heated. 

Disulphetholate  of  Barium  crystallizes  with  regularity  in  six- 
sided  plates,  which  generally  arrange  themselves  from  centres. 
It  is  easily  formed  by  heating  a  solution  of  the  ammonium-salt 
with  hydrate  of  baryta  until  every  trace  of  ammonia  is  expelled, 
and  then  passing  a  ciu'rent  of  carbonic  acid  through  the  solution 
to  remove  the  excess  of  baryta.  It  is  very  soluble  in  water,  and 
stable  at  a  temperature  of  180°,  but  blackens  when  strongly  heated 
in  close  vessels,  empyreumatic  vapours  being  at  the  same  time 
given  off.     The  black  residue  burns  with  a  sulphur-flame. 
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Disulphetholate  of  barium  is  insoluble  in  concentrated  nitric 
acid^  wliicli  does  not  decompose  it.  It  crystallizes  from  the  dilute 
acid  without  apparent  change. 

After  fusion  with  chlorate  of  potassium  and  carbonate  of  sodium, 
the  filtrate  contains  sulphates  in  solution,  proving  that  there  is 
more  sulphur  present  than  is  required  for  saturating  the  barium 
of  the  compound.  By  this  method  the  disulphetholates  can  be 
distinguished  from  the  sulphopropionates  presently  to  be  described. 

On  analysis  the  barium-salt  furnished  numbers  which  accord 
with  the  formula 

A  determination  of  the  water  renders  it  probable  that  the  salt 
contains  2  equivalents  of  water. 

As  has  been  already  stated,  the  disulphethylates  may  also  be 
prepared  from  propionitrile.  For  this  purpose  three  parts  of  the 
propionitrile  are  distilled  with  two  parts  of  fuming  sulphuric  acid. 
As  the  action  is  very  energetic,  the  mixing  should  be  effected  by 
degrees  in  a  moderate-sized  retort.  A  barium-salt  was  prepared 
the  properties  of  which  agreed  in  every  respect  with  those  of  the 
compound  prepared  from  propionamide. 

DisulphethoUc  Acid  is  obtained  by  decomposing  the  lead-salt  by 
hydrosulphuric  acid.  By  concentration  it  forms  a  thick  syrup, 
which  ultimately  sohdifies  into  a  crystalline  mass.  By  heat  it 
decomposes  with  deposition  of  charcoal  and  production  of  Avhite 
fumes. 

Disulphetholate  of  Silver  may  be  obtained  by  a  process  similar 
to  that  employed  in  the  case  of  the  disulphometholate.  It  is 
crystalline.  When  dry,  it  bears  a  considerable  heat  without 
change.     The  solution  blackens  on  ebullition. 

Disulphetholate  of  Lead  is  very  soluble  in  water.  When  evapo- 
rated over  sulphuric  acid,  the  salt  yields  fine  prisms  or  minute 
quadrangular  laminae.  When  hastily  evaporated  it  produces  a 
tough  gummy  mass. 

Sulphopi'opionic  Acid. — As  might  have  been  anticipated  from 
the  results  obtained  in  the  methyl-series,  disulphetholic  acid  is  by 
no  means  the  sole  product  of  the  action  of  sulphuric  acid  upon 
propionamide  and  propionitrile.  The  formation  of  this  acid  is 
preceded  by  that  of  another  acid  richer  in  cai'bon  and  poorer  in 
sulphur,  in  one  word,  by  that  of  sulphopropionic  acid.  The 
uncrystallizable  ammonium-salt,  already  mentioned,  is  in  fact  the 
sulphopropionate  of  ammonium.  Absolute  alcohol  throws  it  down 
from  its  solution  as  a  thick  treacly  mass,  with  an  appearance  very 
unprepossessing  to  the  analyst.  The  dilute  aqueous  solution  was 
therefore  boiled  with  carl)onate  of  barium  until  entirely  decom- 
posed, and  the  filtered  liquid  concentrated  in  a  beaker.  At  a  par- 
ticular point  of  the  evaporation,  a  quantity  of  sulphopropionate  of 
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barium  appeared  iu  small  cubic  grains,  whicli  caused  so  much 
"  bumping  "  as  to  make  it  necessary  to  evaporate  upon  the  water- 
bath. 

If  the  concentration  be  arrested  before  the  deposition  of  these 
grains,  and  the  liquid  be  set  aside  for  twenty-four  hours,  it  yields 
a  plentiful  crop  of  beautiful  silky  crystals,  arranged  in  spherical 
groups. 

After  another  crystallization  from  hot  water,  in  which  the  sub- 
stance is  moderately  soluble,  this  salt  is  sufficiently  pure  for 
analysis.  It  was  dried  at  170°,  and  gave  on  analysis  numbers 
which  agree  with  the  formula  of  sulphopropionate  of  barium, 

C6(H,Ba,)S,0,o. 

Propyl-Series. 

From  what  has  been  already  said,  but  few  words  are  necessary 
on  the  preparation  of  disulphopropiolic  and  sulphobutyric  acid. 
It  may,  however,  be  stated,  that  butyramide  boils  at  116°,  and 
passes  over  at  that  temperature  in  drops  which  crystallize  beauti- 
fully. It  has  the  characteristic  sweet  taste  of  the  other  amides 
of  the  series,  and,  like  them,  it  fumes  slightly  in  the  air  when, 
gently  heated. 

Three  parts  of  butyramide  produce  with  two  parts  of  fuming 
sulphuric  acid  a  horny  mass,  which,  after  removal  of  the  sulphuric 
acid  and  saturation  with  ammonia,  yields  a  syrup  wholly  uncrys- 
tallizable.  The  ammonium-salts  were  converted  into  barium-salts, 
which  also  possess  but  feeble  powers  of  crystallization. 

M.  Redtenbacher  has  already  pointed  out  how  much  the 
solubility  in  water  of  the  barium-salts  of  the  acids  G2n^2S^4: 
augments  as  the  value  of  the  coefficient  n  progressively  increases. 
A  similar  increase  of  solubility  is  observed  with  the  barium-salts  of 
the  series  of  conjugated  acids  which  form  the  subject  of  this 
paper.  The  contrast  between  the  almost  insoluble  disulphome- 
tholate  and  the  very  soluble  disulphopropiolate  of  barium  is  very 
marked. 

From  the  extreme  solubility  of  these  salts,  great  difficulty  was 
experienced  in  separating  them  completely  one  from  the  other. 
The  method  adopted  was  that  of  partial  precipitation  by  alcohol. 
To  solutions  moderately  concentrated  and  cold,  sufficient  absolute 
alcohol  Avas  added  to  produce  a  cloud,  permanent  when  rapidly 
stirred.  On  allowing  the  liquid  to  stand  for  an  hour,  a  quantity 
of  a  granular  substance  attached  itself  to  the  glass  vessel,  which, 
after  solution  in  water  and  reprecipitation,  was  dried  and  decom- 
posed by  sulphuric  acid. 

A  barium-determination  in  the  salt  led  to  the  formula  for 
sulphobutyrate  of  barium, 

C3(H6Ba2)S20,o. 
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We  have  not  been  able  to  procure  the  disulphopropiolate  of 
barium  in  a  state  of  purity.  The  alcoholic  liquid  which  remains 
after  deposition  of  the  sulphobutyrate  contains  a  considerable 
quantity  of  the  salt,  but  so  mixed,  that  we  were  unable  more  than 
proximately  to  isolate  ifc.  By  continuing  the  process  of  fractional 
precipitation,  and  drying,  and  by  analysing  the  different  samples, 
the  quantity  of  barium  present  in  the  successive  specimens  was 
found  to  decrease,  the  last  and  lowest  number  agreeing  nearly 
with  the  formula  of  disulphopropiolate  of  barium. 

This  salt  is  not  so  wholly  uncrystallizable  as  the  sulphobutyrate. 
By  slow  evaporation  it  fiu-nishes  very  minute  crystals,  which  under 
the  microscope  show  themselves  as  thin  pearly  plates.  They 
appear  best  when  slowly  thrown  down  by  alcohol  from  the  solution. 

Butyl-Series. 

Our  experiments  in  this  series  have  been  entirely  qualitative. 
We  have  been  satisfied  to  establish  experimentally  the  analogy  of 
the  reactions.  These  reactions,  however,  become  less  and  less 
definite,  and,  owing  to  the  still  greater  solubility  of  the  new 
products,  their  separation  is  attended  with  difficulties  almost 
insurmountable . 

The  researches  detailed  on  the  preceding  pages  are  quite  suffi- 
cient to  establish  the  general  character  of  the  action  of  sulphuric 
acid  upon  the  amides  and  nitriles.  Nevertheless,  since  these 
experiments  exclusively  refer  to  the  derivatives  of  several  Jiomo- 
logous  terms  of  the  series  of  fatty  acids,  it  appeared  desirable  to 
extend  the  investigation  to  a  nitrile  of  the  analogous  group  of 
aromatic  acids.  No  substance  appeared  to  be  more  appropriate 
for  such  an  examination  than  benzonitrile,  or  cyanide  of  phenyl. 

Phenyl-Series. 

Preparation  of  Benzonitrile. 

M.  Feb  ling  originally  obtained  benzonitrile  by  subjecting 
benzoate  of  ammonium  to  repeated  dry  distillations,  when  the 
four  equivalents  of  Avater  gradually  separated.  The  process  is 
however  objectionable,  on  account  of  the  necessity  of  repeatedly 
returning  by  hand  the  sublimed  salt  to  the  volatilizing  vessel. 
We  hoped  to  have  found  a  more  convenient  method,  in  submitting 
the  same  salt  to  the  dehydrating  action  of  chloride  of  zinc ;  but 
on  rectifying  the  distillate,  we  obtained  only  one-third  of  the 
product  in   the  form  of  benzonitrile,  the  remaining  portion  being 
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benzole.  The  safest,  but  somewhat  lengthened,  process  for  pro- 
curing benzonitrile,  consists  in  dehydrating  benzamide  with  anhy- 
drous phosphoric  acid,  the  former  body  having  been  produced  by 
the  action  of  carbonate  of  ammonium  upon  chloride  of  benzoyl, 
as  recommended  by  M.  Gerhardt. 

Action  of  Sulphuric  Acid  upon  Benzonitrile. 

Sulphuric  acid  and  benzonitrile  mix  with  hberation  of  far  less 
heat  than  is  observable  in  the  cases  previously  recounted.  No  gas 
is  disengaged  until  the  temperature  is  very  considerably  raised, 
when  a  portion  of  benzoic  acid  sublimes  in  the  neck  of  the  retort 
and  carbon  is  deposited,  while  sulphurous  acid  is  simultaneously 
disengaged.  The  action  was  continued  for  some  time  after  the 
appearance  of  sulphurous  acid,  for  the  purpose  of  decomposing  the 
sulphobenzoic  acid  which  analogy  would  lead  us  to  expect  among 
the  products  of  the  reaction.  On  cooling,  a  semi-transparent 
hard  mass  of  glassy  fracture  remained  in  the  retort.  The  usual 
treatment  with  carbonate  of  barium  evolved  ammonia,  showing 
the  presence  of  a  salt  of  that  base. 

Suljihobenzoate  of  Barium. — As  the  filtrate  was  very  dark- 
coloured,  the  barium- salt  was  again  decomposed  by  sulphuric  acid, 
and  then  boiled  with  excess  of  oxide  of  lead,  filtered  and  treated 
by  hydrosulphuric  acid.  The  sulphide  of  lead  was  found  to  carry 
down  with  it  almost  the  whole  of  the  colouring  matter.  The  acid 
liquid  was  then  saturated  with  carbonate  of  barium,  a  portion 
evaporated  nearly  to  dryness  and  treated  with  hydrochloric  acid, 
when  a  salt  crystallized  out  from  the  mother-liquor,  which,  after 
washing  with  water,  was  again  crystallized  until  free  from  hydro- 
chloric acid. 

Dried  at  200°,  it  gave  a  percentage  of  barium  which  coincided 
with  that  required  by  the  formula  Cj4(H5Ba)S20jQ  of  the  acid 
sulphobenzoate  of  barium  analysed  by  Mitscherlich  and  Fehling. 

It  was  therefore  obvious  that  the  disulphosalt,  if  present,  was 
the  most  soluble,  and  to  be  found  in  the  filtrate. 

The  remaining  portion  of  the  neutral  solution  of  the  barium 
salt  was  therefore  dissolved  in  water,  and  about  one-half  of  the 
solid  matter  precipitated  by  alcohol  filtered  ofl"  and  recrystallized, 
the  percentage  of  barium  in  which  was  found  to  correspond  to  the 
neutral  sulphobenzoate  of  barium,  Cj4(H4Ba2)S20iQ. 

Disulphobenzolate  of  Barium. — It  remained,  therefore,  to  examine 
the  salt  last  thrown  down  by  alcohol,  which,  after  being  pm'ified 
again  by  precipitation,  gave  analytical  numbers  characterizing  the 
new  salt,  although  still  in  a  state  of  admixtui'e  with  sulphoben- 
zoate of  barium. 

The   results    of  the    analysis,    leading    unequivocally    to  the 
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formula  Ci2(H^Ba2)S^Oj2  could  leave  no  doubt  regarding  the 
nature  of  the  substance  analysed,  yet  it  was  desirable,  if  pos- 
sible, to  prepare  the  new  compound  in  a  state  of  purity;  and 
the  question  presented  itself,  whether  it  could  not  be  more 
dii'ectly  formed  from  sulphobenzolic  acid,  CigHgSjOg,  which  is 
so  easily  obtained  by  the  action  of  sulphuric  acid  upon  benzol. 
Success  in  its  preparation  by  this  means  was  of  considerable 
interest,  since  in  this  case  it  would  become  highly  probable  that 
all  the  new  bodies  hitherto  described  in  this  memoir  might  be 
prepared,  from  the  analogues  of  sulphobenzolic  acid  in  their 
respective  groups,  by  a  simple  assimilation  of  the  elements  of 
sulphuric  acid.  The  method  in  question  is  in  reality  by  far  the 
best  adapted  for  procuring  the  new  acid  in  a  state  of  purity. 
Sulphobenzolic  acid  obtained  from  the  lead-  or  copper-salt  is 
evaporated  on  the  sand  bath  until  the  evolution  of  white  fumes 
proves  that  the  greater  part  of  the  water  has  been  volatilized.  It 
is  advisable  to  heat  the  solution  until  a  slight  brown  coloration 
indicates  incipient  decomposition.  The  acid  is  then  introduced 
into  a  dry  retort,  together  with  an  equal  volume  of  strong  Nord- 
hausen  acid,  and  the  whole  maintained  at  the  boiling-point  for 
two  hours.  The  liquid  is  then  reduced  by  evaporation  nearly  to 
the  original  bulk  of  the  sulphobenzolic  acid  employed.  The  new 
acid  in  this  stage  has  a  very  dark  colour  which  cannot  be  removed 
by  boiling  with  charcoal.  Treatment,  however,  with  an  excess  of 
oxide  of  lead,  and  decomposition  of  the  filtrate  by  hydrosulphuric 
acid,  furnishes  a  liquid  which  is  perfectly  colourless. 

When  this  liquid  is  saturated  with  carbonate  of  barium  and 
evaporated,  an  apparently  amorphous  mass  is  produced  which, 
however,  under  the  microscope  is  distinctly  crystalline,  showing 
minute  shuttle-shaped  forms  generally  densely  grouped  together. 
This  salt  is  very  stable.  Strongly  heated,  however,  on  platinum 
foil,  it  burns  with  evolution  of  sulphurous  acid. 

Analysis  furnished  numbers  leading  to  the  formula  of  disulpho- 
benzolate  of  barium, 

C,2(H,Ba2)S,0,2- 
The  preceding  researches  establish  in  two  different  groups  of 
bodies  the  existence  of  a  series  of  bibasic  acids,  containing  4  equi- 
valents of  sulphur,  and  which,  irrespectively  of  any  special  view 
regarding  their  molecular  arrangement,  may  be  represented  as 
formed  by  the  association  of  the  hydrocarbons  (corresponding  to 
marsh-gas)  of  the  various  groups  with  4  equivalents  of  anhydrous 
sulphuric  acid : — 

Disulphometholic  acid         C2H44SO3 

Disulphetholic  acid        C4Hg4S03 

Disulphopropiolic  acid CgHg4S03 

Disulphobenzolic  acid Ci2Hg4S03. 


ACID  UPON   THE    AMIDES   AND   NITRILES,    &C.  257 

All  acid  of  analogous  composition  exists  in  the  naplithalin- 
series : — 

Disulphonaplitholic  acid C20HQ4SO3, 

which  was  discovered  by  Berzelius,  and  subsequently  studied  by 
Laurent. 

Many  of  these  substances  may  actually  be  produced  directly 
from  the  hydrocarbons  by  the  action  of  sulphuric  acid.  On  the 
other  hand,  chemists  are  well  acquainted  with  the  deportment  of 
olefiant  gas  under  the  influence  of  anhydrous  sulphui'ic  acid.  The 
crystalline  compound  discovered  by  Magnus,  and  described  by 
him  under  the  name  of  Sulphate  of  Carbyl,  whatever  its  constitu- 
tion may  be,  can  be  considered  as  a  direct  combination  of  olefiant 
gas  with  four  equivalents  of  anhydrous  sulphuric  acid, 
Sulphate  of  Carbyl     ....     C^H44S03. 

It  can  scarcely  be  doubted  that  all  the  other  hydrocarbons  of 
the  series  C^^^on^  propylene,  butylene,  amylene,  &c.,  will  furnish 
homologous  substances. 

Sulphate  of  carbyl,  when  submitted  to  the  action  of  water, 
assimilates  two  equivalents,  and  is  converted  into  a  bibasic  acid 
(ethionic),  C4H44SO3+2HO  =  C4Hg024S03,  which  accordingly 
may  be  viewed  as  an  association  of  alcohol  with  four  equivalents 
of  anhydrous  sulphuric  acid.  Terms  analogous  to  ethionic  acid 
are  sure  to  be  found  when  the  study  of  the  homologues  of  sulphate 
of  carbyl  shall  be  taken  up  by  chemists. 

The  production  of  disulpho-compounds  of  perfectly  similar 
composition,  from  substances  belonging  to  such  different  groups 
of  bodies  as  the  hj'drocarbons,  homologous  and  analogous  to 
marsh-gas,  as  ethylene,  and  as  alcohol,  suggested  the  possibility 
that  the  substances  observed  might  be  but  individual  examples  of 
a  far  more  general  mode  of  formation.  It  became,  in  fact,  pro- 
bable that  all  organic  bodies,  capable  of  uniting  with  the  elements 
of  two  equivalents  of  anhydrous  sulphuric  acid,  might,  under 
favourable  circumstances,  be  induced  to  assimilate  two  additional 
equivalents  of  anhydrous  sulphuric  acid,  and  thus  furnish  terms 
belonging  to  the  class  of  disulpho-compounds. 

The  hope  of  arriving  at  a  more  general  interpretation  of  our 
observations  induced  us  to  institute  some  further  inquiries,  the 
result  of  which  we  will  briefly  append. 

The  first  question  which  naturally  suggested  itself,  was  the 
examination  of  the  deportment  of  the  sulpho-acids  derived  from 
acetic,  propionic,  butyric,  benzoic  acid,  &c.,  under  the  influence  of 
an  excess  of  sulphuric  acid.  To  take  acetic  acid  as  an  illustration. 
Is  sulphacetic  acid,  C^H^SgOjQ  =  C^H40^2S03,  capable  of  com- "" 
bining  with  two  additional  equivalents  of  sulphuric  acid  in  order 
to  furnish  the  compound  C^H^S^^Oig  =  0^11^044803?  The  expe- 
riments hitherto  detailed  contain  no  evidence  against  this  assump- 
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tion.  It  appeared  to  us  extremely  probable  that  sulpbacetic  acid^ 
when  submitted  to  the  action  of  sulphuric  acid,  is  converted  into 
disulphacetic  acid,  which,  losing  carbonic  acid,  produces  disulpho- 
metholic  acid,  the  deportment  of  disulphacetic  under  the  influence 
of  heat  being  closely  analogous  with  that  of  acetic  acid, 

C4H4O4    2C02  =  C2H4 


Acetic  acid.  Marsh-sras. 


C4H4O44SO3  -  2C02=C2H^4SO 


3 

' V ' 


Supposed  Disulphometliolic 

disulphacetic  add.  acid. 

We  have  endeavoured  to  decide  this  question  by  experiment ; 
but  on  account  of  the  greater  stability  of  the  benzoic  molecule, 
we  have  preferred  to  trace  the  intermediate  acid  in  the  benzoyl- 
series. 

Sulphobenzoic  acid,  obtained  from  the  acid  barium-salt,  was 
evaporated  to  dryness  and  heated  until  it  attained  the  point  of 
quiet  fusion.  When  cold,  the  acid  was  coarsely  powdered,  and 
mixed  with  rather  more  than  its  own  bulk  of  crystallized  sulphuric 
acid. 

It  was  then  heated  in  a  water-bath  to  a  temperature  below  that 
at  which  gases  are  disengaged.  This  appeared  to  be  just  below 
85°  C.  The  substances  were  kept  in  contact  at  this  temperature 
for  eight  hours.  Finally,  the  mixture  was  subjected  to  the  heat 
of  boiling  water  for  two  hom's  longer ;  after  which  it  was  treated 
in  the  usual  way  for  obtaining  the  soluble  barium-salt. 

The  salt  thus  obtained  in  no  manner  differed,  either  in  appear- 
ance, reaction,  or  composition,  from  sulphobenzoate  of  barium. 

Though  the  above  experiments  have  failed  to  realize  our  hopes 
of  producing  disiilphobenzoic  acid,  they  by  no  means  disprove  the 
existence  of  this  body,  and  the  possibility  of  producing  it  under 
more  favourable  circumstances.  We  insist  upon  this  point,  on 
account  of  the  success  which  has  attended  our  endeavours  to  trace 
the  existence  of  disulpho-acids  in  a  perfectly  different  group  of 
bodies. 

We  are  indebted  to  M.  Gerhardt  for  the  knowledge  of  a  conju- 
gated sulpho-acid,  containing  an  organic  base  in  the  place  of 
hydrocarbons,  alcohols,  acids,  &c.,  which  are  present  in  the  usual 
sulpho-acids.  SulphaniKc  acid,  Cj2H7NS20g,  may  be  viewed  as 
formed  by  the  association  of  one  equivalent  of  aniline  and  two 
'equivalents  of  anhydrous  sulphuric  acid. 

We  were  curious  to  ascertain  whether  this  acid,  by  assimilating 
once  more  the  elements  of  anhydrous  sulphm*ic  acid,  was  capable 
of  becoming  disulphanilic  acid,  Cj^H-NS^Ojo. 
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The  existence  of  disulphobenzolic  acid,  CJ2HPS4O12,  the  barium- 
salt  of  which  we  have  desci'ibed  in  the  preceding  pages,  together 
with  the  formation  of  an  interesting  acid  lately  obtained  hy 
M.  Hilkenkamp*  in  the  reaction  of  sulphite  of  ammonium  on 
dinitrobeuzol,  appeared  to  leave  no  doubt  regarding  the  existence 
of  a  disulphanilic  acid.  In  fact,  M.  Hilkenkamp^s  dithiobenzolic 
acid,  Cj2H8N2S40j2j  is  most  intimately  connected  with  the  acid  we 
were  in  search  of,  as  is  obvious  by  a  glance  at  the  following  Table, 
in  which  we  have  placed  a  number  of  known  substances  in  juxta- 
position with  bodies,  ideal  at  present,  but  the  existence  of  which 
can  no  longer  be  doubted. 


Hydrocarbons  and 
substitutes. 

C12H6 
BenzoL 

^12  {no J 

Nltrobenzol. 


Sulpho-acids  and 
substitutes. 

^12^68206 

Sulphobenzolic  acid. 


m 


SA 


^12  I X 


^2) 

Phenylamine. 
Aniliiie. 


Cx2|NdJ 

(NO  J 

Dinitrobenzol. 

C12INH2I 
(NH2i 

Phenyldiamine. 
(Semaniline  ?) 


Nitrosulphobenzolic  acid. 

^inNH2}^206 

Phenylsulphamic  acid. 
Sulphanilic  acid. 


3n 


H, 


C,2^N0,|- 


S2O6 


Disulpho-acids  and 
substitutes. 

^12^6840^2 

Disulphobenzolic  acid. 

Phenyldisulphamic  acid, 
Disulphanilic  acid, 

c,JnoJsa2 

(NO  J 


Cr. 


(NH2i 


^A 


'12 


(NH, 


840,2 


Dithiobenzolic  acid. 
Phenyldisulpho-diamic  acid. 


The  preceding  synopsis,  whilst  it  fixes,  we  believe,  the  correct 
position  of  dithiobenzolic  acid  in  the  benzol-series,  exhibits  at  the 
same  time  its  close  relation  to  the  disulphanilic  acid,  which  we 
endeavoured  to  produce,  and  the  formation  of  which  it  may  at 
once  be  stated  succeeded  without  much  difficulty. 


Action  of  Sulphuric  Acid  upon  Aniline. 

In  order  to  prepare  disulphanilic  acid,  two  parts  of  strong  sul- 
phuric acid  were  mixed  with  one  part  of  aniline,  when  heat  was 
freely  evolved,  sulphate  of  anihne  being  thrown  down  at  the  same 


*  Ann.  Ch,  Pharm,  Xeue  KeihC;  B.  xix,  S. 
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time.  On  fiu'ther  application  of  heat  tlie  salt  redissolved,  and  as 
the  liquid  reached  the  boiling-point  it  became  very  dark  in  colour, 
sulphurous  acid  being  freely  evolved. 

In  our  first  experiment  the  mixture  was  kept  in  full  ebullition 
for  ten  minutes,  and  then  poured  into  water  after  it  had  partially 
cooled.  A  confusedly  crystalline  mass  v.as  produced  which  was 
well  washed  with  cold  water  (in  which  it  is  not  very  soluble),  and 
afterwards  recrystallized  from  hot  water. 

Sulphanilate  of  Silve?'. — A  portion  of  this  acid  was  digested  with 
carbonate  of  silver.  The  crystalline  silver-salt,  obtained  by  evapo- 
rating the  solution  at  a  low  temperature,  was  dried  at  120°  and 
ignited.  The  silver-percentage  led  to  the  formula  of  sulphanilate 
of  silver, 

C,2(H6Ag)NS,Oe. 

Sulj}ha7iilate  of  Barium. — A  barium-salt,  prepared  in  the  usual 
way  and  submitted  to  analysis  by  precipitation  by  sulphuric  acid, 
gave  perfectly  analogous- results,  correspondiug  to  the  formula 

These  experiments  proved  that  the  acid  produced  was  nothing 
but  M.  Gerhardt's  well-known  sulphanilic  acid,  the  reaction  not 
having  gone  far  enough  for  the  production  of  the  second  acid. 
The  treatment  with  sulphuric  acid  v/as  therefore  resumed.  Finely 
powdered  and  dry  sulphanilic  acid,  mixed  with  strong  fuming  acid 
to  the  consistency  of  a  thin  paste,  was  heated  in  an  air-bath  to  a 
temperature  just  approaching  that  at  which  sulphurous  acid  is 
generated,  to  160°  and  170°  C.  This  digestion  was  continued  until 
a  portion  taken  on  a  glass  rod  did  not  solidify  on  cooling,  or  give 
any  solid  matter  when  dissolved  in  a  small  quantity  of  water, 
which  happened  after  the  lapse  of  seven  hours,  when  the  mass  had 
the  consistency -of  treacle.  It  was  dissolved  in  cold  water,  and 
separated  from  a  black,  almost  insoluble  matter,  which  appeared 
to  be  somewhat  crystalline. 

Disulphanilate  of  Barium. — After  saturating  with  carbonate  of 
barium,  the  liquid  was  evaporated  to  dryness,  by  which  treatment 
a  further  separation  of  the  black  substance  was  effected,  and  the 
barium- salt  was  much  improved  in  colour. 

If  the  barium-salt  be  redissolved  and  the  solution  evaporated  on 
the  water-bath,  a  horny  substance  is  formed,  which  on  cooling 
splits  by  cracks  in  all  directions ;  but  if  the  evaporation  be  com- 
pleted under  the  receiver  of  an  air-pump,  a  mass  of  microscopic 
crystals  appear,  insoluble  in  alcobol  and  in  ether. 

In  preparing  the  new  barium-salt,  we  have*found  it  convenient 
to  precipitate  a  small  portion  of  the  whole  liquid  by  alcohol,  and 
to  reject,  as  retaining  generally  traces  of  sulphanilate,  the  precipi- 
tate first  formed.  Under  all  circumstances  it  is  very  difficult 
entirely  to  remove  all  colouring  matter  from  the  solutions  of  this 
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salt,  which  is  usually  of  a  pale  rose  colour.  The  numbers  obtained 
in  the  analysis  of  this  salt  agree  well  with  the  formula  of  disul- 
phanilate  of  barium, 

Cj2(H5Ba,)NS,0,2 

Disulphanilate  of  barium  blackens  without  inflaming  when 
heated  on  foil,  in  which  respect  it  differs  from  the  sulphanilate, 
which  burns  Avith  a  bright  but  smoky  flame.  Heated  in  close 
vessels  it  furnishes  a  vapour,  vvhich  sublimes  in  beautiful  crystals, 
probably  of  sulphite  of  aniline,  obtained  under  siiLilar  circum- 
stances from  sulphauilic  acid. 

Disulphanilate  of  barium  is  attacked  by  concentrated  nitric  acid 
and  gives  a  yellow  liquid,  which  furnishes  on  evaporation  crystals 
of  a  very  bitter  taste ;  sulphate  of  barium  is  formed  at  the  same 
time. 

Disulphanilic  Acid  is  easily  produced  from  a  lead- salt.  This 
substance  possesses  a  very  acid  and  pungent  taste ;  it  crystallizes 
with  great  difficulty,  but  is  insoluble  in  alcohol  which  precipitates 
strong  solutions  in  white  grains.  This  precipitation  is  assisted  by 
the  addition  of  a  little  ether.  We  have  not  analysed  this  body, 
but  we  have  examined  in  addition, 

Disuljjhanilate  of  Silver. — The  liquid  formed  by  neutralizing  a 
concentrated  solution  of  the  acid  with  carbonate  of  silver  is  preci- 
pitated cold  by  the  addition  of  a  mixture  of  equal  volumes  of 
alcohol  and  ether.  The  salt  subsides  in  colourless  crystalline 
grains;  the  deposition  is  much  facilitated  by  rapidly  stirring  the 
contents  of  the  beaker  with  a  glass  rod.  Disulphanilate  of  silver 
crystallizes  by  spontaneous  evaporation  of  the  aqueous  solution  in 
small  lamiuse  which  blacken  and  deposit  a  black  powder  when 
boiled  with  water. 

The  formula  of  disulphanilate  of  silver  is — 

Ci2  (HsAg^)  N  S,  O,,. 

The  researches  detailed  in  the  preceding  paragraphs  may  serve 
to  characterize  more  fully  a  class  of  compounds  of  which  only  a 
few  terms,  isolated  and  scattered  in  widely  difternt  groups,  had  been 
previously  observed.  The  only  disulplio-acids  hitherto  known,  were 
Berzelius  and  Laurent's  disulphonaphtholic  acid  and  Magnus's 
ethionic  (disulphethylic)  acid,  and  lastly,  dithiobenzolic  (jihenyl- 
disulphodiamic)  acid,  recently  discovered  by  M.  Hilkenkamp. 
To  these  this  memoir  adds  five  new  acids  belonging  to  several  of 
the  most  important  series  of  compounds. 


Disidphometholic  acid     . 

.     C2  H4 

s,o,,. 

Disulphethoiic  acid     .     . 

.     C,  H, 

S401,. 

Disuiphopropiolic  acid     . 

•     Cg  Hg 

s,o,,. 

Disulphobenzolic  acid 

•       ^'12  ^6 

S4012. 

Disulphanilic  acid 

.     C,,H, 

NS.Ojo. 
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Our  experiments  point  out,  moreover,  the  universal  occurrence 
and  the  general  mode  of  formation  of  these  substances.  All 
organic  molecules,  particularly  in  the  nascent  state,  appear  to  be 
capable  of  assimilating  the  elements  of  either  one  or  two  equiva- 
lents of  anhydrous  acid.  The  formation  of  the  two  groups  of 
acids  which  are  thus  produced,  presents  a  great  analogy  with  the 
production  of  the  nitro-substitutes  generated  under  the  influence 
of  nitric  acid.  All  these  compounds  are  generated  with  elimina- 
tion of  water.  In  the  action  of  nitric  acid  and  sulphuric  acid 
upon  benzol,  for  instance  we  have 

C12H6+   HNOg    =0,2^5^0,   +.2H0. 


Benzol. 


Nitrobenzol. 


C,oHfi  +  2HN0fi    =C,oH.N„0«  +4HO. 


' V ' 

Dinitrobenzol. 


Benzol. 


Sulphobenzolic  acid. 


C,2H6  f  2H2S2O8  =Ci2H6S^Oi2  +  4HO. 


Benzol. 


Disulphobenzolic  acid. 


The  analogy  of  these  reactions  is  obvious. 

The  action  of  nitric  acid  upon  organic  bodies  is  by  no  means 
limited  to  the  production  of  nitro-compounds,  corresponding  to 
nitrobenzol  and  dinitrobenzol;  frequently  additional  bodies  are 
formed  with  elimination  of  6,  8,  and  in  a  few  isolated  cases,  even 
of  10  equivalents  of  water.  It  is  possible  that  analogous  sulpho- 
compounds  may  exist ;  hitherto,  however,  no  substances  have  been 
observed  in  which  the  assimilation  of  sulphuric  acid  has  gone 
further  than  in  the  disulpho-acids. 


Appendix. 

During  the  prosecution  of  the  researches  detailed  in  the  pre- 
ceding paper,  our  attention  was  repeatedly  called  to  the  substance 
which  M.  Liebig  has  described  under  the  name  of  methionic  acid, 
and  which  he  obtained  in  the  reaction  of  anhydrous  sulphuric  acid 
upon  dry  ether  at  low  temperatures.*  The  properties  of  the 
barium-salt  of  this  most  remarkable  acid  very  closely  agree  with 

*  Liebig,  Ann.  Ch.  Pharm.  xiii.  -32;  xxv.  39.  Ann.  Ch.  Phys.  i,  59,  189. 
Wether  ill,  Ann.  Ch.  Pharm.  Ixvi,  122. 
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those  which  we  observed  in  studying  disulphometholate  of  barium, 
although  both  appeared  diflferent  in  composition.  We  were 
repeatedly  inclined  to  admit  and  to  doubt  the  identity  of  the 
two  substances.  We  have  now  arrived  at  the  conclusion,  that 
methionic  and  disulphometholic  acid  are  actually  identical. 
The  formula  adopted  by  M.  Liebig  for  the  barium-salt  is 

CH3BaS209. 

If  we  double  this  formula  we  arrive  at  the  expression 

C^HgBaS.O.e  =  C^lH.BaJ  S.O,^  +  M. 

which  represents  disulphometholate  of  barium  with  4  equivalents 
of  water  of  crystallization.  Our  experiments  have  actually  proved 
that  this  salt  contains  indeed  4  equivalents  of  water,  and  that  this 
water  is  retained  at  100°  C,  the  temperature  at  which  M.  Liebig 
dried  his  salt  before  submitting  it  to  analysis. 

More  recently  M.  Redtenbacher  and  M.  Wetherill  have 
investigated  the  same  barium-salt,  but  neither  of  them  appears  to 
have  remarked  the  fact,  that  this  salt  loses  water  between  100°  and 
200°.  M.  Redtenbacher  analj-sed  a  salt  which  M.  Liebig  had 
prepared  himself,  M.  Wetherill  examined  a  salt  which  he 
obtained  as  a  secondarv  product  in  his  researches  on  sulphate  of 
ethyl. 

Although  we  had  no  longer  any  doubt  regarding  the  identity 
of  methionic  acid  and  disulphometholic  acid,  we  considered  it 
desirable  to  offer  a  direct  experimental  proof  of  our  opinion  by  a 
comparison  of  the  barium-salt  obtained  either  by  M.  Liebig^s 
or  by  M.  Wetherill' s  process  with  our  new  barium-compound. 
We  have,  therefore,  repeatedly  prepared  methionate  of  barium 
both  by  M.  Liebig's  and  by  M.  WetherilPs  method.  By  follow- 
ing exactly  the  plan  described  by  these  chemists,  we  have  actually 
succeeded  in  obtaining  a  salt  possessing  all  the  characters  of 
disulphometholate  of  barium.  We  did  not  succeed,  however,  in 
obtaining  by  either  of  these  processes  a  great  quantity  of  this 
barium- salt.  In  both  processes,  the  salt  is  obviously  the  product 
of  a  secondary  reaction. 

Maij  9th,  1856. 
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Chemical  Notices.* 
By    H.    Linipricht. 

(Continued  from  page  189.) 

4.     On  Sulphocyanide  of  Benzoyl. 

When  chloride  of  benzoyl  and  sulpliocyanide  of  potassium  are 
mixed  in  equal  numbers  of  atoms^  great  heat  is  evolved,  and  the 
odour  of  sulphuretted  hydrogen  becomes  perceptible;  and  on 
distilling  the  mixture,  a  slightly  coloured  liquid  passes  over,  ■which 
becomes  colom'less  after  a  few  rectifications,  boils  at  191°,  and 
possesses  all  the  properties  of  benzonitriie ;  its  analysis  also  gives 
results  agreeing  with  the  composition  of  that  body : 

BenzonitHle.  Calc.  Found. 

14  C       ...     84  81-6  81-0 

5  H      ...       5  4-8  5-1 

N      ...     14  13-6  13-4 

C^H^N  .     '.     .  103  1000  99^5 

In  all  probability,  sulphocyanide  of  benzoyl  is  first  formed,  and 
is  afterwards  decomposed  in  the  manner  shown  by  the  following 
equation : 

2(Ci^H502,C2NS2)  =  2Ci4H5N  +  2C02  +  2CS2. 

5.     Ethylonaphthylamine,  C2oHg(C4H5)N. 

When  bromide  of  ethyl  is  heated  for  some  hours  with  naphthy- 
lamine  in  an  apparatus  which  allows  the  condensed  bromine- 
vapours  to  flow  back  again, — or  when  the  two  bodies  are  simply 
placed  in  contact  for  some  days  at  ordinary  temperatiues,  reddish, 
nodular  crystals  are  formed,  consisting  of  hydi'obromate  of  ethylo- 
naphthylamine, which  may  be  obtained  coloui^ess  by  a  few 
recrj^stallizations.  The  colourless  crystals,  after  drying  over  sul- 
phuinc  acid,  vielded  in  two  experiments  31*5  and  31*7  p. c.  bromine, 
the  formula  CioHs(C^H5)N,HBr  reqmres  317. 

Potash  added  to  the  solution  of  this  salt  separates,  not  ethylo- 
naphthylamine, but  naphthylamine  : 

C2oHg(C,H5)N,HBr+kH02  =  C2oH9N  +  C,H60.2  +  KBr. 

Naphthylamine . 

6.     Preparation  of  Benzaniic  Acid, 

The  action  of  ferrous  acetate  on  nitro-compounds  appears  to  be 
always  analogous  to  that  of  sulphide  of  ammonium ;  and  accord- 

*  Ann.  Ch.  Phar-,u.  xeviii,  117. 
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ingly,  uitrobenzoate  of  ethyl  heated  with  metallic  iron  and  acetic 
acid  is  converted  into  benzamate  of  ethyl.  The  acid  separated 
from  the  latter  by  alcoholic  potash  was  converted  into  a  barium- 
salt,  and  gave  37*3  p.c.  barium,  the  formida  of  benzamate  of 
barium  requiiing  37*4  p.c. 

7.     A   compound  produced  from  Aldehyde- Ammonia  and  Chloride 

of  Benzoyl. 

"With  the  ^'iew  of  obtaining  compounds  analogous  to  the  so- 
called  alcohol-radicals  by  double  decomposition  between  the  alde- 
hyde-ammonias and  the  chlorides  of  the  acid  radicals,  ordinary 
aldehyde- ammonia  was  brought  in  contact  with  chloride  of  benzoyl; 

but,  instead  of  the  expected  compound  p-  tt^q"  \  >  ^^^ch  might  be 

formed  in  the  manner  represented  by  the  equation 

a  body  was  formed  having  the  composition,  C3.2HjgN20^;  its 
mode  of  formation,  however,  is  not  at  present  intelligible. 

For  the  preparation  of  this  substance,  finely  pulverized  aldehyde- 
ammonia  must  be  added  to  chloride  of  benzoyl  by  very  small  por- 
tions, so  as  to  avoid  heating,  and  the  consequent  formation  of 
brown  resinous  products,  the  additions  being  continued  till  the 
mass  has  become  solid ;  the  mixtui'e  must  then  be  left  to  stand 
for  some  hours,  washed  with  water  to  remove  sal-ammoniac,  and 
with  carbonate  of  soda  to  remove  benzoic  acid.  The  residue  is 
dissolved  in  hot  alcohol,  and  the  solution  on  cooling  deposits  long 
delicate  needles  united  in  concentric  groups;  the  mother-liquor 
yields  the  same  crystals  to  the  last  drop. 

The  compound  is  insoluble  in  water,  dissolves  sparingly  in  alcohol 
and  ether  in  the  cold,  but  freely  with  the  aid  of  heat ;  melts  when 
heated,  and  sublimes  at  a  higher  temperature,  partly  without 
decomposition. 

Heated  with  potash-ley,  it  is  decomposed  very  slowly,  giving  off 
ammonia,  and  depositing  a  brown  resin,  like  resin  of  aldehyde ; 
and  the  potash-solution  contains  benzoic  acid. 

It  is  not  altered  by  heating  Avith  peroxide  of  lead  aad  water ; 
but  if  a  little  sulphuric  acid  is  added,  aldehyde  is  evolved,  and  the 
liquid  filtered  while  hot  deposits  crystals  of  benzamide. 

When  the  compound  is  stirred  up  with  water  through  which 
nitrous  acid  is  passed,  aldehyde  is  also  formed  together  Avith 
benzamide. 

Strong  sulphuric  acid  heated  with  the  compound  dissolves  it, 
forming  a  brown  solution ;  on  addition  of  water,   a  broAvn  resin. 
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separates  out,  and  the  liquid  filtered  while  hot  yields  crystals  of 
benzoic  acid. 

"When  it  is  boiled,  in  alcohoHc  solution  or  suspended  in 
water,  with  carbonate  of  silver  or  mercuric  oxide,  neither  of 
these  compounds  is  either  dissolved  or  reduced.  The  alcoholic 
solution  is  not  precipitated  by  nitrate  of  silver,  even  with  addition 
of  ammonia. 

The  rational  formula  of  the  substance  cannot  at  present  be 
determined.  It  may  be  observed,  however,  that  the  empirical 
formula  above  given  contains  the  elements  of  benzamide  and 
ciunamide  : 


' V '         ^ V ' 

Cinnamide.  Benzamide. 


and  that  the  numbers  found  by  Schwartz  for  hipparaffin,  \dz., 
71  "4  C,  6"1  H,  and  10*5  N  agree  nearly  with  the  composition  of 
the  new  compound,  which  gives,  as  a  mean,  71"7  C,  63  H,  and 
10-4  N. 


On  a  Mew  Mode  of  Foriuatiou  of  Hydride  of  Benzoyl.* 
By  H.  Kolbe. 

Chemists  are  now  pretty  generally  agreed  that  benzoic  acid,  chlo- 
ride of  benzoyl,  cyanide  of  benzoyl,  &c.,  should  be  regarded  as 
compounds  of  the  oxygenated  radical,  C14H5O2  or  (Cj2H5)C202. 
Respecting  the  constitution  of  bitter-almond  oil,  however,  there  is 
still  some  doubt ;  some  being  inclined  to  regard  that  body  as 
C^^H^O^,!!,  others  as  Cj^HgOjHO.  If  the  former  view  be  cor- 
rect, it  is  to  be  expected  that  this  body  ^vdll  be  formed  by  the  action 
of  nascent  hydrogen  on  the  chloride  or  cyanide  of  benzoyl.  Expe- 
riments in  this  dh-ection  have  indeed  been  already  made  by 
Chiozza,twho  finds  that  when  chloride  of  benzoyl  is  poured  upon 
hydride  of  copper  (CU2H),  subchloride  of  copper  is  formed,  and  the 
liquid,  after  the  excess  of  chloride  of  benzoyl  has  been  removed  by 
water,  exhibits  a  distinct  odour  of  bitter-almond  oil.  The  quantity 
obtained,  however,  was  not  sufficient  for  complete  identification. 

The  action  of  hydrochloric  acid  and  zinc  on  the  chloride  of 
benzoyl  is  not  adapted  for  the  production  of  the  hydride,  because 
the  chloride  is  too  quickly  resolved  into  benzoic  and  hydrochloric 
acids,  to  allow  the  nascent  hydrogen  to  act  upon  it ;  but  the  cyanide, 

*  Ann.  Ch.  Pharm.  xcviii.  345.  +  Ann.  Ch.  Fharm.  Ixxxv.  232. 
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which  is  much  less  rapidly  decomposed  by  water  than  the  chloride, 

gives  better  results. 

When  pure  crystallised  cyanide  of  benzoyl  is  mixed  in  a  tubu- 
lated retort,  with  hydrochloric  acid,  and  heated  till  it  melts,  and 
pieces  of  granulated  zinc  are  introduced  from  time  to  time,  a  rapid 
evolution  of  gas  takes  place  at  first ;  but  this  soon  ceases,  especially 
if  the  liquid  be  shaken,  so  as  to  bring  the  cyanide  of  benzoyl,  which 
floats  on  the  surface,  in  contact  with  the  metal.  If  the  addition  of 
zinc  be  continued,  the  colourless  cyanide  of  benzoyl  begins,  after  a 
while,  to  assume  a  yellow  tint  where  it  adheres  to  the  metal.  At 
the  same  time  a  strong  odour  of  hydrocyanic  acid  is  evolved,  and, 
as  the  decomposition  of  the  cyanide  of  benzoyl  proceeds,  the  odour 
of  bitter-almond  oil  likewise  becomes  distinctly  perceptible.  To 
effect  the  complete  resolution  of  the  cyanide  of  benzoyl  into  hydro- 
cyanic acid  and  hydride  of  benzoyl,  a  considerable  quantity  of  zinc 
is  required.  Towards  the  end  of  the  operation,  the  zinc  becomes 
covered  with  a  dirty  yellow,  greasy  mass,  which  ultimately,  when 
all  the  oil-drops  have  disappeared  from  the  surface  of  the  chloride 
of  zinc  solution,  completely  envelops  the  metal. 

"When  this  greasy  substance  is  separated  from  the  supernatant 
acid  saline  solution,  which  contains  but  a  small  quantity  of  benzoic 
acid,  and  then  heated  with  excess  of  ordinary  potash-le^^,  it  is 
decomposed,  and  converted  into  yellowish-red  oily  drops,  which 
diffuse  the  pui'e  odour  of  bitter-almond  oil,  the  pieces  of  zinc,  at 
the  same  time,  appearing  with  a  bright  metallic  surface.  On  dis- 
tilling this  alkaline  mass,  pure  hydi'ide  of  benzoyl  first  passes  over 
into  the  receiver  in  considerable  quantity,  in  the  form  of  an  oily 
body,  together  with  the  water ;  at  a  later  stage  of  the  process,  the 
milky  distillate  contains  benzoin,  the  greater  part  of  which,  how- 
ever, is  contained  in  the  alkaline  residue.  The  oily  distillate,  after 
being  separated  from  the  water  by  a  pipette,  further  dehydrated  by 
chloride  of  calcium,  and  distilled  in  a  bulb -apparatus  like  that  used 
by  Buns  en  for  the  preparation  and  purification  of  cacodyl,  was 
perfectly  transparent  and  coloui'less ;  exhibited  the  composition  and 
properties  of  bitter-almond  oil ;  and  solidified  to  a  crystalline  mass 
with  bisulphite  of  soda. 

The  tm'bid  alkaline  liquid  remaining  in  the  retort  and  containing 
benzoin,  was  poured,  when  cold,  from  the  metallic  zinc  and  fil- 
tered. The  filtrate  yielded,  on  addition  of  hydrochloric  acid,  a 
somewhat  copious  precipitate  of  benzoic  acid,  and,  at  the  same 
time,  hydrocyanic  acid  was  set  free.  The  dirty  grey  substance 
remaining  on  the  filter,  when  likewise  treated  with  hydrochloric 
acid,  left  impure  benzoin,  which,  after  recrystaUisation  fi'om  boiling 
alcohol,  exhibited  the  composition  and  properties  of  the  pure  sub- 
stance. 

To  prevent  the  transformation  of  the  hydride  of  benzoyl  into 
benzoin,  and  to  determine  how  much  hydride  of  benzoyl  can  be 
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obtained,  under  the  most  favourable  circumstances,  from  a  given 
quantity  of  the  cyanide,  another  portion  (obtained  from  30  grms. 
of  cyanide  of  benzoyl)  of  the  yellow,  greasy  mass  surrounding  the 
pieces  of  zinc,  Avas  distilled  with  excess  of  milk  of  lime,  after  addi- 
tion of  protosulphate  of  iron ;  but  not  a  trace  of  hydride  of  benzoyl 
was  obtained.  It  seems  probable,  therefore,  that  the  yellow  mass 
does  not  contain  the  hydride  of  benzoyl  in  the  form  of  a  mere 
mixture ;  but  that  it  is  a  chemical  compound,  perhaps  the  oily 
compound  of  hydride  of  benzoyl  and  hydrocyanic  acid  described  by 
Yolckel"^,  made  thicker  in  the  present  instance  by  admixtm-e 
of  benzoic  acid.  This  compound,  which  is  decomposed  by  potash, 
appears  to  resist  the  action  of  hydrate  of  lime. 

The  conversion  of  cyanide  of  benzoyl  into  hydrocyanic  acid  and 
hydride  of  benzoyl  likewise  takes  place,  though  much  more  slowly, 
by  continued  gentle  heating  with  metallic  mercury  and  hydro- 
chloric acid  (better  and  more  quickly,  perhaps,  in  a  sealed  tube) . 


On  some  Compounds  of  Benzoyl.t 
By  Carl  Volt. 

The  compounds  of  benzamic  acid  with  bases  have  not  hitherto 
been  much  studied,  only  the  silver-salt  having  been  analysed  by 
Chancel,  and  a  few  compounds  of  benzamic  acid  with  other  acids, 
in  which  it  appears  to  play  the  part  of  a  base,  having  been  studied 
by  Gerland.  The  behaviour  of  binitrobenzoic  acid  with  sulphu- 
retted hydrogen  was  likewise  unknown,  and  it  could  not  be  deter- 
mined beforehand,  whether  both  equivalents  of  hyponitric  acid,  or 
only  one,  would  be  replaced  by  araidogen.  The  following  experi- 
ments Avere  undertaken  to  supply  these  deficiencies. 

Niti'obenzoic  acid  was  prepared  by  adding  fused  benzoic  acid,  in 
small  portions,  to  a  mixture  of  2  pts.  concentrated  sulphuric  acid, 
1  pt.  nitric  acid  (sp.  gr.  1'5),  and  heating  the  mixture  gently  for 
about  half  an  hour ;  no  binitrobenzoic  acid  is  thereby  produced, 
that  acid  being,  in  fact,  much  less  easy  to  obtain  than  is  commonly 
supposed  ;  but  on  adding  Avater  to  the  mixture,  nitrobenzoic  acid 
is  j)recipitated  in  white  flakes. 

When  chloride  of  benzo^d  is  dropped  into  the  mixture  of  sul- 
phuric and  nitric  acid,  the  liquid  becomes  heated,  and  gives  off 
chlorine,  together  with  another  gas  Avhich  attacks  the  eyes  poAver- 
fully;  water  then  throws  down  Avliite  flakes,  which  were  found,  by 
analysis,  to  be  pure  nitrobenzoic  acid. 

*  Fogg.  Ann.  Ixii.  444. 

t  Ann.  Ch.  Pharm.  xcviii.  100. 
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The  nitrobenzoic  acid  was  transformed  by  the  usual  method  of 
boiling  with  sulphide  of  ammonium,  into  amidobenzoic  or  benzamic 
acid  ;*  and,  on  adding  strong  hydrochloric  acid  to  the  liquid,  after 
it  had  been  decanted  from  the  precipitated  sulphur  and  evaporated, 
hydrochlorate  of  amidobenzoic  acid  was  precipitated  in  needles 
united  in  nodular  groups ;  this  compound  served  for  the  prepara- 
tion of  the  following  salts  : — ■ 

Amidobenzoate  of  lSoda,C^^lI^2i{l:^B.^O^  (at  100°).— From  the 
hot  concentrated  solution  of  the  baryta-salt,  the  baryta  was  precipi- 
tated by  an  equivalent  quantity  of  sulphate  of  soda,  and  the 
filtrate  evaporated  to  dryness.  This  soda-salt  is  so  very  soluble  in 
water,  that  it  is  difficult  to  get  it  well  crystallised.  The  concen- 
trated solution  was  therefore  mixed  with  absolute  alcohol,  and  the 
resulting  white  crystalline  magma  pressed  between  paper,  and  dried 
at  100°.  Under  the  microscope  it  appeared  to  consist  of  needle- 
shaped  crystals. 

Calculated.       Found. 
Soda  .         .         .         19-50         19-13 

Amidobenzoate  of  Baryta,  Cj^H^Ba(NH2)0^  (at  100°).— The 
aqueous  solution  of  hydrochlorate  of  amidobenzoic  acid  was  neu- 
tralised with  carbonate  of  baryta,  and  the  hot  filtrate  evaporated 
over  the  water-bath ;  at  a  certain  degree  of  concentration,  it 
deposits  large  pale  reddish  prisms,  which  cannot  be  completely 
decolorisexl,  even  by  repeated  crystallisation,  with  addition  of 
animal  charcoal,  but  yield  a  pure  white  powder. 

Calc.  Found. 

14  C 84.-0            41-07  41-12 

6  H 60              2-93  3-5] 

Ba 68-5            33-50  33-20 

N 14-0  6-84 

4  0 32-0  15-66 

Ci4H4Ba(NH2)04  .     .    204^  100^00 

Amidobenzoate  of  Strontia,  C^^^^^{^11^0^-x-%a.c\^. —  The 
aqueous  solution  of  the  baryta-salt  was  precipitated  with  sulphuric 
acid ;  and  the  filtrate  mixed  with  hydrate  of  strontia,  till  a  slight 
alkaline-  reaction  was  produced,  and  evaporated.  It  then  deposited 
prisms  having  a  faint  reddish  colour,  but  becoming  white  by 
recrystallisation.  They  dissolve  very  readily  in  water,  slowly  in 
alcohol,  and  give  off  their  water  of  crystallisation  at  100°. 

Calc.  Found. 

Water         .         .  9-10  8-78 

Strontia      .         .         28-81         28-58 

*  The  author  objects  to  the  ordinary  name  benzamic  acid,  because  it  is  only  the 
radicals  of  bibasie  acids  which  can  form  acids  to  which  the  termination  amic  can  be 
properly  applied. 
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Amidobenzoate  of  Lime,  Ci4H4Ca(NH2)04. — Hydroclilorate  of 
benzoic  acid  was  boiled  with  milk  of  lime^  and  the  filtrate  evapo- 
rated. The  concentrated  liquid  soon  deposited  delicate  white 
needles,  which  turned  red  on  exposure  to  the  air ;  they  were  once 
recrystallised  from  hot  alcohol,  then  quickly  pressed  and  dried  at 
100°. 

Calc.  Found, 

Lime.         .         .         17-95         17-61 

Amidobenzoate  of  Magnesia,  Ci4H4Mg(NH2)04  +  7aq.  —  By 
double  decomposition  between  the  baryta-salt  and  sulphate  of 
magnesia,  this  salt  is  obtained  in  large,  transparent,  six-sided 
prisms,  with  oblique  truncation-face;  it  decomposes  quickly  on 
exposure  to  the  air. 

Calc.  Found. 

Water       .         .         .         29'86         29-36 
Magnesia.         .         .         13-51         13-65         13-07 

Binitrobenzoic  acid  was  obtained  by  Cahours,  by  gently  heating 
benzoic  acid  for  an  hour,  with  a  mixture  of  sulphuric  and  nitric 
acid.  Voit  obtained,  by  this  process,  only  nitrobenzoic  acid,  or  a 
mixture  of  that  acid  with  binitrobenzoic,  and  found  it  necessary  to 
boil  for  six  hours  longer,  with  sulphuric  and  nitric  acid,  in  order  to 
convert  the  nitrobenzoic  into  binitrobenzoic  acid.  At  the  begin- 
ning of  the  operation,  the  evolution  of  nitrous  acid  is  so  violent 
that,  unless  the  heat  is  well  regulated,  the  mixture  is  very  apt  to 
froth  over ;  but  at  length  a  point  is  attained,  when  red  fumes  are 
no  longer  evolved.  If  the  liquid  be  then  left  to  cool,  the  binitro- 
benzoic acid  separates  almost  couipletely  in  shining  crystals ;  if 
the  heat  be  longer  continued,  vapours  are  evolved  which  excite 
coughing ;  the  liquid  assumes  a  darker  colour ;  and  the  binitro- 
benzoic acid,  which  separates  on  cooling,  is  likewise  coloured. 
Binitrobenzoic  acid  is  much  less  soluble  in  water,  either  hot  or 
cold,  than  nitrobenzoic  acid :  carbonate  of  soda  dissolves  it,  form- 
ing a  red  solution.  By  boiling  with  water  and  carbonate  of  baryta, 
the  baryta-salt  was  obtained,  and  settled  down  from  the  hot  filtrate 
on  cooling  in  yellowish  crystalline  nodules.  It  yielded  by  analysis, 
27'35  and  27-17  p.c.  baryta,  agreeing  with  the  formula 
Ci4H3Ba(N04)204,  which  requires  27-37. 

Binitrobenzoate  of  ethyl  is  easily  produced,  by  heating  binitro- 
benzoic acid  with  alcohol  and  sulphuric  acid,  and  forms  oily  drops, 
which  solidify  on  cooling.  It  dissolves  readily  in  hot,  very  spar- 
ingly in  cold  alcohol,  so  that  the  alcoholic  solution,  when  filtered 
hot,  solidifies  to  a  magma  consisting  of  silky  needles.  On 
attempting  to  prepare  biamidobenzamide,  by  digesting  this  ether 
with  sulphide  of  ammonium,  sulphur  was  deposited  in  considerable 
quantity,  and  the  filtrate,  when  evaporated,  yielded  a  crystalline 
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mass^  which,  however,  could  not  be  obtained  sufficiently  pure  for 
analysis. 

On  the  other  hand,  binitrobenzoate  of  ethyl  is  readily  converted 
into  hinitrohenz amide  by  digesting  it  for  several  days  \\dth  alcoholic 
ammonia,  which  dissolves  it  with  blood-red  colour,  and  after  con- 
centration deposits  the  amide  in  prisms  and  laminse  having  a  faint 
yellowash  colour  and  fatty  lustre.  Binitrobenzamide  dissolves 
sparingly  in  cold,  somewhat  more  readily  in  hot  water,  forming  a 
solution  which  has  a  bitter  taste  and  neutral  reaction.  It  melts  at 
183°,  and  decomposes  at  a  higher  temperature  vrithout  subliming. 
The  ammoniacal  solution   forms   no  precipitate   with   nitrate   of 

silver. 

Binitrobenzamide.  Calc.  Found. 

14  C 84  39-81             40-87 

5  H 5  2-37               2-88 

2NO4 92  43-60 

N 14  6-63               6-90 

2  0 16  7-59 

C.AINOJA 
N-^       H 211  100-00 


H 
H 


To  convert  the  binitrobenzoic  acid  into  Biamidobenzoic  acid, 
sulphuretted  hj'drogen  was  passed  continuously  through  the  hot 
ammoniacal  solution;  the  solution  filtered  from  sulphur,  evapo- 
rated over  the  water-bath,  supersaturated  with  hydrochloric  acid, 
and  again  filtered  hot  :  the  filtrate  after  a  while  deposited  green 
crystals  of  hydi'ochlorate  of  biamidobenzoic  acid. 

Biamidobenzoic  acid,  obtained  by  digesting  the  aqueous  solution 
of  the  sulphate  with  carbonate  of  baryta,  and  evaporating  the 
filtrate,  first  over  the  water-bath,  and  afterwards  over  sulphuiic 
acid,  forms  small,  greenish,  acuminated  crystals,  which  dissolve 
readily  in  water,  alcohol,  and  ether;  have  no  taste  and  no  reaction 
upon  vegetable  coloiu's;  melt  and  blacken  at  about  195°;  and 
cannot  be  sublimed. 

It  is  remarkable  that  biamidobenzoic  acid  does  not  combine 
with  bases,  but  forms  well  crystallized  compounds  with  acids, 
whence  the  name  of  acid  is  not  very  appropriate  for  it.  In  this 
respect,  it  exhibits  the  behaviour  which  is  seen  so  remarkably  in 
aniline,  viz.,  that  the  substitution-products  retain  in  general  the 
character  of  the  compound  from  which  they  are  derived  ;  but, 
nevertheless,  the  substance  which  enters  does  not  completely  lose 
its  chemical  character,  but  impresses  that  character  on  the  substi- 
tution-product, the  more  strongly  as  the  number  of  hydrogen- 
atoms  replaced  by  it  is  greater.  Benzoic  acid  is  a  strong  acid; 
the  introduction  even  of  one  atom  of  the  basic  substance,  amidogen, 
causes  it  already  to  exhibit  basic  properties,  for  amidobenzoic  acid 
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unites  with  acids  as  "svell  as  ^vith  bases ;  while  with  the  second 
atom  of  amidogen,  the  acid  quahties  completely  disappear,  the 
product  biamidobenzoic  acid  forming;  salts  only  with  acids. 

Hijdrochlorate  of  Biamidobenzoic  Acid,  Ci^H^(NH2).204,2HCl. — 
The  impure  coDipound  obtained  in  the  preparation  of  biamido- 
benzoic acid,  is  not  easily  pm'ified  by  recrystallization  ;  a  pure  salt 
is  more  easily  prepared  by  mixing  the  solution  in  a  small  quantity 
of  water  with  strong  hydrochloric  acid  -,  in  that  case,  either  white 
needles  are  immediately  deposited,  or  a  flocculent  precipitate  is 
first  produced  which  afterwards  changes  to  the  same  needles. 
Should  the  salt  be  not  yet  perfectly  pure,  the  operation  must  be 
repeated.  Hydrochlorate  of  biamidobenzoic  acid  is  very  soluble 
in  water,  alcohol,  and  ether;  the  aqueous  solution  decomposes  on 
exposure  to  the  air,  depositing  black  flocks.  The  dry  compound 
melts  when  heated,  then  decomposes,  and  yields  a  sublimate  of 
sal-ammoniac.  For  analysis,  the  salt,  after  being  pressed  between 
paper,  was  dried,  first  over  sulphuric  acid,  then  at  60°. 

Calc.  Found. 

Chlorine      ....     31-55  '31-02         SMO^ 

Bichloride  of  platinum  does  not  form  any  precipitate  in  the 
aqueous  solution,  even  on  addition  of  alcohol  and  ether;  but  when 
the  mixture  is  left  to  evaporate  over  sulphuric  acid,  it  deposits 
brown  crusts,  which  after  drying  yield  a  greyish-white  powder. 
Its  composition  appears  to  be  Cj^H^(XH2).30^,2HCl,PtCl2;  for  it 
yielded  24-83  p.c.  platinum,  and  the  formula  requires  25-01  p.c. 
If  it  were  analogous  to  the  platinum-salts  of  other  bases  which 
saturate  2  equivalents  of  acid  {e.g.,  quinine,  cinchonine),  it  would 
contain  2  eq.  PtCl2. 

Sulphate  of  Biamidobenzoic  acid,  Cj^H^(NH2),20^,S^H.,Og. — The 
hydrochlorate  was  dissolved  in  dilute  sulphuric  acid  and  the  solu- 
tion concentrated ;  the  still  brownish  tables  and  laminae  which 
separated,  were  obtained  nearly  colourless  by  recrystallization 
from  alcohol.  They  dissolve  readily  in  water,  somewhat  less  in 
alcohol ;  the  solutions  decompose  very  readily,  and  appear  brownish- 
yellow  by  transmitted,  grass-green  by  reflected,  light. 

Crystals  dried  over  Sulphuric  acid.  Found 

14  C 84  33-60  3433  3355 

10  H 10  4-00  4-65  4-93 

2  N 28  11-20  11-29  10-94 

6  0 48  19-20 

2  SO3 80  32-00  32-25  32-68 

CiJi^(NH2)20^,S2H208   .  250       100-00 

Nitrate   of  Biamidobenzoic   acid.  —  Obtained  by   decomposing 
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the  sulphate  with  nitrate  of  baryta;  separates  in  dark-coloui'ed 
crystals. 

Acetate  of  Biamidobenzoic  acid,  was  prepared  by  precipitating  the 
sulphate  with  acetate  of  baryta.  The  solution  became  decomposed 
dui'ing  evaporation^  and  deposited  a  brown  powder ;  but  by  fui-ther 
evaporation  of  the  filtered  liquid,  brownish  prisms  were  obtained. 

Oxalate  of  Biamidobenzoic  acid  forms  brown  needles,  which  are 
obtained  by  evaporating  the  hydrochlorate  with  oxalic  acid. 

Biamidobenzoic  acid  was  heated  to  100°  in  a  sealed  tube  with 
iodide  of  ethyl,  with  the  view  of  obtaining  biaraidobenzoate  of 
ethyl ;  the  mass  became  solid ;  but  on  addition  of  hydrochlorie 
acid  to  the  aqueous  solution,  white  needles  were  obtained,  which 
proved  to  be  nothing  but  hydrochlorate  of  biamidobenzoic  acid. 

By  decomposing  biamidobenzoic  acid  in  hot  aqueous  solution 
with  nitrous  acid,  which,  according  to  Grerland,  converts  amido- 
benzoic  into  oxybenzoic  acid,  only  a  red,  resinous,  uncrystallizable 
mass  was  obtained,  although  the  passage  of  the  gas  was  continued 
for  several  days. 


On  some  Constituents  of  Opium*. 
By  T.  Anderson. 

The  following  experiments,  which  are  a  continuation  of  Dr. 
Anderson^ s  researches  upon  opium  already  reported  in  this 
Journal  (v,  257;  viii,  283),  relate  chiefly  to  meconine,  its  identity 
with  opianyl,  and  various  substitution-products  of  that  substance. 

Meconine. — The  mother-liquor  from  vrlsich  narceine  (v.  258)  had 
crystallized  out,  yielded  after  being  concentrated  and  left  at  rest, 
nothing  but  granular  crystals  of  sal-ammoniac.  To  obtain  meco- 
nine from  this  liquid,  it  was  mixed  in  large  bottles,  with  \  of  its 
bulk  of  ether ;  the  bottles  tightly  corked,  left  to  stand  in  a  warm 
place  at  about  26°  C,  and  frequently  shaken ;  the  ethereal  layer 
then  separated;  and  this  treatment  several  times  repeated  with 
fresh  ether.  The  extracts  obtained  with  the  first  portions  of  ether, 
left,  after  the  ether  had  been  distilled  off,  a  brown  syrupy  residue 
which  yielded  no  crystals,  even  after  standing  for  several  days ; 
the  extracts  with  the  latter  portions  of  ether  often  left  residues  in 
which  crystals  formed  after  standing.  On  adding  water  to  these 
residues,  a  viscid  substance  of  the  consistence  of  tui'pentine  sepa- 
rated out ;  and  this  substance  when  treated  with  hydrochloric  acid 
partly  dissolved,  while  the  undissolved  portion  was  converted  into 
a  dark  grey  crystalline  powder.     The  latter  was  impure  meconine ; 

*  Ed.  Phil.  Trans,  xxi,  [1],  204.    Ann.  Ch.  Pharm.  xcviii,  44. 
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the  hydrochloric  acid  solution  contained  papaverine.  The  meco- 
niue  was  separated,  by  solution  in  boiling  water,  from  an  indifferent 
resinous  body;  and  tlie  solution  on  cooling  deposited  the  meconine 
in  Yellowish  needle-shaped  crystals,  which  were  further  purified 
bv  recrystallizatiou  with  addition  of  animal  charcoal. 

'  Pure  meconine  crystallizes  from  its  aqueous  solution  in  white 
shining  needles.  It  dissolves  in  22  times  its  weight  of  boiling 
water,  and  in  700  times  its  weight  of  water  at  15"5  C.  (60°  F.).  It 
is  likewise  soluble  in  alcohol  and  ether.  Has  a  bitter  taste. 
INIelts  at  110°  C.  in  the  dry  state;  at  77°  under  water;  when  care- 
fully raised  to  a  higher  temperature,  it  volatilizes  without  residue, 
and  sublimes  in  beautiful  crystals.  It  does  not  appear  to  dissolve 
in  alkaline  liquids  more  readily  than  in  water.  Does  not  combine 
with  metallic  oxides;  is  not  precipitated  by  subacetate  of  lead. 
Anderson's  analyses  of  meconine  agree  nearly  with  those  of 
Couerbe*  and  Regnaultf,  when  the  latter  are  calcidated  accord- 
ing to  the  atomic  weights  now  adopted,  and  lead  to  the  formula 
C,nH-0,  or  ConHinOo,  which  latter  Anderson  also  found  for 
opianylj,  the  substance  obtained  by  the  action  oi  nitric  acid  upon 
narcotine. 

Meconine.  Calc.  Found. 

20  C  .  .  .  120     61-85      61-40     61-50 " 

10  H  .  .  .   10      5-15      5-12      513 

8  0...       64  33-00  33-48  33-37 

C25H10O8      .     194  100-00  100-00  100-00 

Meconine  and  opianyl  are  likewise  identical  in  properties.  Sul- 
phuric acid  produces  Avith  the  former,  even  in  the  cold,  a  colourless 
solution  Avhich  assumes  a  deep  purple  colour  when  heated ;  water 
added  to  this  solution  turns  it  brown,  and  separates  a  dark  brown 
precipitate,  which  dissolves  mth  red  colour  in  alcohol.  Of  the 
two  names  given  to  this  substance,  Anderson  gives  the  preference 
to  Opianyl. 

Action  of  Nitric  acid  upon  Opianyl. — Opianyl  dissolves  abun- 
dantly in  cold  concentrated  nitric  acid;  on  heating  the  liquid,  red 
vapours  are  evolved  in  small  quantity.  The  solution  diluted  with 
water  deposits  bulky  crystals,  which  may  be  purified  by  washing 
and  recrystallizatiou  from  boiling  alcohol.  Nitropianyl  thus  pre- 
pared forms  white  needles  and  prisms.  It  dissolves  but  sparingly 
in  cold,  somewhat  more  freely  in  boiling  water;  much  more  readily 
in  boiling  alcohol ;  dissolves  also  in  ether.  All  these  solutions  are 
colourless  and  neutral  to  test-paper.  Nitropianyl  melts  at  160°  C, 
forming  a  transparent  liquid,  wliich  solidifies  in  a  crystalline  mass 
on  cooling.  Heated  in  small  quantities  on  platinum-foil,  it  vola- 
tilizes without  decomposition,  leaving  only  a  small  carbonaceous 

*  Ann.  Ch.  Pharm.  xvii,  167.  ,  t  Ann.  Ch.  Pharm.  sxix.  314. 

t  Ann.  Ch.  Pharm.  Ixxxvi,  191. 
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residue;  l)ut  when  heated  in  a  small  glass-tube^  it  decomposes 
suddenly,  and  leaves  a  bulky,  porous,  carbonaeeous  residue.  It  is 
not  precipitated  by  metallic  salts.  It  does  not  dissolve  more 
abundantly  in  cold  solution  of  potash  or  ammonia  than  in  pure 
water;  but  at  the  boiling  heat,  it  dissolves  in  considerable  quantity, 
and  with  decomposition,  forming  a  yellow  liquid  which  does  not 
deposit  anything  on  cooling,  or  on  addition  of  hydrochloric  acid. 
It  is  insoluble  in  hydrochloric  acid;  dissolves  in  cold  strong  nitric 
acid;  and  separates  out  in  crystalline  flakes  when  the  solution  is 
diluted.  The  crystals  of  nitropianyl  immediately  assume  a  yellow 
colour  when  acted  upon  by  strong  sulphuric  acid,  and  dissolve  to 
a  red  liquid  when  heated.  The  composition  of  nitropianyl  is 
C2oHg(NO^)Os;  the  same  formula  was  assigned  by  Couerbe  to  his 
hyponitromeconic  acid,  which,  however,  differs  from  Anderson's 
nitropianyl  in  certain  properties,  and,  according  to  Anderson,  is 
not  obtained  by  the  process  given  by  Couerbe. 

Nitropianyl.  Calc.  Found. 

20  C 120  50-20     5011 

9  H 9      3-76      3-92 

N 14      5-85 

12  O 96  4019 

C^^iyXOJO^  .  .  239     100-00 

Action  of  Chlorine  upon  Opianyl. — When  chlorine  gas  is  passed 
into  a  cold-saturated  aqueous  solution  of  opianyl,  crystals  of 
Chloropianyl  soon  separate  in  considerable  quantities  ;  this  com- 
pound may  also  be  obtained  by  passing  dry  chlorine  over  fused 
opianyl. — Chloropianyl  purified  by  recrystallization  from  alcohol, 
forms  colourless  needles  which  are  nearly  insoluble  in  cold  water ; 
dissolve  somewhat  more  easily  in  boiling  water;  abundantly  in 
alcohol  and  ether.  Alkaline  liquids  do  not  dissolve  more  of  it 
than  water,  and  do  not  extract  chlorine  from  it;  nitric  acid  dissolves 
it  with  red  colour,  and  decomposes  it  when  heated;  strong  sulphm-ic 
acid  dissolves  it  in  the  cold,  and  the  solution  when  heated  assumes 
a  greenish-blue  colour,  and  on  subsequent  addition  of  water, 
deposits  brown  flakes  soluble  with  a  red  colour  in  alkalies.  Chloro- 
pianyl melts  at  175°  C,  and  sublimes  without  decomposition  at  a 
higher  temperature.  The  properties  of  chloropianyl  are  the  same, 
whether  it  is  obtained  from  opianyl  which  has  been  prepared  from 
narcotine,  or  from  opianyl  obtained  directly  from  opium. 
Opianyl.  Cale.  Found. 

20C     .     .  120-0  52-51  52-40         5?35         52-60^ 

9  H    .     .  9-0  3-93  4-32           421           4-20 

CI   .     .  35-5  15-53  15-17 

8  0..  64-0  2803  28-11 


C20H9CIOS     228-5       10000       10000 
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Couerbe  describes^  as  the  product  of  the  action  of  chlorine 
upon  meconine,  a  resinous  substance  which  Anderson  believes 
to  be  bichloropianyl. 

Action  of  Bromine  on  Opianyl. — When  bromine-water  is  gradually 
added  to  an  aqueous  solution  of  opianyl,  crystals  gradually  separate, 
consisting  of  Bromopianyl,  which  may  be  purified  by  recrystalliza- 
tiou.  The  compound  then  forms  colourless  needles,  which  dissolve 
sparingly  in  water,  abundantly  in  alcohol  and  ether.  Bromopianyl 
melts  at  1G7°  C.    In  its  properties  it  closely  resembles  chloropianyl. 

Bromopianyl.  Calc.  Found. 

20  C 120  43-95  43-81 

9  H  .  .  .  .  :  9  3-29  340 

Br 80  29-30  29-21 

8  0 64  23-46  23-58 

C2oH9BrOs      .     .     .     273  10000  10000 

Action  of  Chloride  of  Iodine  upon  Opianyl. — Iodine  does  not  act 
upon  opianyl,  either  in  alcoholic  solution  or  in  the  solid  form.  An 
iodated  substitution-product  is,  however,  obtained  by  adding  chlo- 
ride of  iodine  to  an  aqueous  solution  of  opianyl,  and  leading  the 
liquid  in  a  warm  place  for  some  days ;  long  crystals  of  lodopianyl 
are  then  formed,  somewhat  contaminated  by  free  iodine  separated 
at  the  same  time.  lodopianyl  recrystallized  from  boiling  alcohol 
forms  colourless  needles,  which  are  scarcely  soluble  in  water,  but 
dissolve  more  freely  in  alcohol  and  in  ether.  It  melts  at  112°  C, 
forming  a  liquid  which  is  colourless  at  first,  biit  afterwards  turns 
brown;  at  a  higher  temperature,  it  decomposes  with  volatilization 
of  iodine.  Nitric  acid  likewise  decomposes  it  with  separation  of 
iodine.  Sulphuric  acid  dissolves  it,  and  the  solution  assumes  a 
dark  colour  when  heated. 

lodopianyl.  Calc.  Found. 

20  C 120-0  37-48  37-16 

9  H 9-0  2-81  2-96 

I 127-1  39-70  39-48 

8  0 64-0  20-01  20-40 

C20H9IO8      .     .     .     320-1  10000  100-00 

Action  of  Sulphuric  acid  and  Peroxide  of  Lead  upon  Opianyl. — 
"When  opianyl  is  gently  heated  with  peroxide  of  lead  and  sulphuric 
acid,  carbonic  acid  is  evolved,  and  an  amorphous  substance  remains 
in  solution.  The  reaction  was  not  furtlier  investigated,  in  conse- 
quence of  deficiency  of  material;  the  author  expected  to  find 
opianic  and  hemipinic  acids  among  the  products  of  the  oxidation. 

The  identity  of  meconine,  which  exists  ready  formed  in  opium, 
with  opianyl,  an  artificial  product  obtained  from  narcotine,  may 
furnish  a  starting  point  in  the  examination  of  the  relations  which 
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exist  between  the  several  constituents  of  opium.  It  has  long  been 
observed,  that  those  proximate  principles  of  a  plant  which  occur 
together  frequently  exhibit  a  certain  similarity  in  their  composition 
or  origin.  Thus  quinine  and  cinchonine,  wliich  differ  only  in  the 
number  of  oxygen-atoms,  may  be  compared  with  different  oxides 
of  the  same  metal;  and  again,  of  the  two  bases  which  occur  in  the 
seeds  of  Peganum  Harmala,  the  one  may  be  converted  into  the 
other  by  the  action  of  oxidizing  agents.  Many  cases  may  also  be 
cited  in  which  the  formulae  of  two  simultaneously  occurring 
bases  agree  in  the  amounts  of  certain  of  their  constituents.  Thus 
morphine  and  codeine  differ  only  by  C2H2,  like  two  homologous 
substances,  although  they  do  not  exhibit  that  degree  of  similarity 
in  their  properties  which  is  generally  found  in  homologous  com- 
pounds. Thebaine^  C38H2iNOg,  and  codeine,  C3(,H2iNOg,  differ 
by  2C;  thebaine,  and  papaverine,  C40H21NO8,  by  C2O2;  narceine, 
C^gH2()NOjo,  and  narcotine,  C46H25NOJ4,  by  4H0. 

Anderson  had  formerly  remarked*  that  narcotine  may  be 
regarded  as  a  compound  of  cotaruine  and  a  hypothetical  hydruret 
of  opianyl.  He  thinks  it  possible  that  the  opianine  examined  by 
Hinterbergert  may  have  a  similar  constitution,  and  that 
Hinterberger's  analyses  may  be  made  consistent  with  the 
formula  CggH37N022'  In  that  case,  the  relations  between  opianine, 
narcotine,  and  narcogenine  are  as  follows  : 

Hydruret  of 
Cotarnine.  Opianyl, 

Opianine  .  .  C66H37NO22  =  C26H13NO6  +2C^^YL,p^ 
Narcotine  .  .  C4eH25NOi^  =  C26H13NO6  +  C20H12O8 
Narcogenine    .     2{C^,n,,^0,^)  =  2{C^^YL,^^0^)+   C^,ll,f>s 

Anderson  likewise  draws  attention  to  a  remarkable  fact  which 
was  brought  to  light  in  investigating  the  action  of  sulphuric  acid 
upon  opianic  acid.  In  this  reaction,  there  is  produced  a  true  dye- 
stuff,  which  yields  with  alumina  and  iron  mordants  all  the  colours 
that  are  obtained  by  the  use  of  madder.  Now  as  alizarin,  C2oHgOg, 
differs  from  opianic  acid  only  by  4  Aq,,  Anderson  thinks  it  not 
improbable  that  the  new  colouring  matter  may  be  identical  with 
alizarin. 

♦  Chem.  Soc.  Qu.  J.,  v,  264. 

t  Ann.  Ch.  Pharm.  Ixxvii,  207;  Ixxxii,  820.  Anderson  regards  the  amount  of 
nitrogen  in  opianine  given  in  the  former  of  these  communications  as  the  more  correct. 
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On  ilie  Cuiuiiouiids  of  Stibetliyl.  * 
By  TT.  Merck. 

LowiG  and  Schweizer,  in  their  investigation  of  the  compounds 
of  stibethyljt  arrived  at  the  conclusion  that  the  radical  (C^H5)3Sb 
combines  with  2  At.  of  an  electronegative  body ;  e.  (/.,  the  oxide 
=  (C^H5)3Sb;02 ;  the  iodide  =  (C^H5)3Sbjl2,  &c.  Similar  for- 
mula were  subsequently  given  by  Landolt  for  the  compounds  of 
arsentriethyl  (C^Hg)3,As,  by  Cahours  and  Riche  for  those  of 
arsentrimethyl,  and  by  Berle  for  those  of  stibtriamyl.  On  the 
other  hand,  it  was  found  that  arsenbimethyl  (cacodyl)  (€2113)2 As, 
and  arsenbiethyl  (0^115)28 b,  as  well  as  arsenethylium  (C^H5)^As, 
and  stibethylium  (C^H5)^Sb,  unite  with  only  1  At.  of  an  electro- 
negative body ;  and  hence  arose  a  doubt  as  to  whether  the 
stibethyl  compounds  Avere  constituted  as  above  mentioned,  or 
whether  thev  did  not  rather  contain  1  At.  hydrogen  more,  e.  g.,  the 
iodide  =  (C^'Hg)3,Sb,I  +  HI  or  (C^H5)3HSb,l2.  As,  however,  the 
percentage  composition,  according  to  the  more  recently  proposed 
formida,  differs  but  little  from  that  deduced  from  the  older  one, 
and  therefore  the  comparative  merits  of  the  two  cannot  be  deter- 
mined by  direct  analysis,  the  following  experiments  on  the  action 
of  ammonia  and  of  stibethyl  on  the  iodide  of  stibethyl,  were 
undertaken  with  the  view  of  deciding  the  question. 

The  experiments  on  the  action  of  ammonia  on  iodide  of  stibethyl 
did  not  lead  to  any  decisive  results.  When  the  solutions  of  the 
two  bodies  in  absolute  alcohol  are  mixed,  the  whole  remains  clear 
and  colourless ;  on  evaporating  the  mixture  in  vacuo  over  sulphuric 
acid,  the  excess  of  ammonia  escapes  first,  then  a  salt  crystallizes 
out  in  regular  octohedrons  containing  37  per  cent,  iodine  (the 
iodide  of  stibtriethyl  presently  to  be  noticed),  and  at  last  iodide 
of  ammonium. 

The  action  of  stibethyl  on  the  iodide  was  next  tried.  One- 
half  of  an  ethereal  solution  of  stibethyl,  prepared  out  of  contact 
of  air,  was  exactly  saturated  with  iodine,  the  other  half  then  added, 
and  the  mixture  left  to  evaporate  in  an  atmosphere  of  cai'bonic 
acid.  There  were  then  formed — first,  the  octohedral  crystals  of 
iodide  of  stibtriethyl  (SbAe3)I,  but  afterwards  smaller  and  more 
soluble  crystals,  having  a  different  form ;  these  last  are  regarded 
by  Merck  as  (SbAe3H)I.  [The  radical  contained  in  them, 
viz.,  (0^115)311813,  Lo'vig  denotes  by  the  name  stibtriethyl  amine. '\ 
The  latter  crystals  yielded  from  36"52  to  36'84  per  cent,  iodine, 
while  the  formula  (SbAcgH)!,  requires  36*92.  Now  the  action 
of  stibethyl  on  the  so-called  iodide  of  stibethyl  might  be  repre- 

*  J.  pr.  Chcm.  Ixvi.  56;  Aun.  Ch.  Pharni.,  xcvii,  329. 
t  Ann.  Ch.  Pharm.  Ixxv,  315.     Chem.  Soc.  Qu.  J.,  v,  69. 
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sented  by  one  or  other  of  the  following  equations,  according  to  the 
formula  adopted  for  the  iodide  : — 

(1).         (SbAe3)l2  +  SbAeg  =  2(SbAe3)I 

(2).         (SbAe3)l2  +  SbAe3  =  (SbAeJI  +  (SbAe.^)! 

^'^-  or   (Sbiefn)?,'}  +  ^^^^^3  =  (SbAe3H)I  +  (SbAe3)L 

It  Avill  easily  be  seen  that  the  results  of  the  above  experiments 
agree  with  equation  (3),  but  are  inconsistent  with  (1)  and  (2). 
[The  formula  (SbAcj)!,  requires  40'26  per  cent,  iodine.]  Hence  the 
formula  of  iodide  of  stibethyl  must  be  either  (SbAe3),I  +  HI, 
or  (Sbx-Ve3H)l2.  This  is  further  proved  by  several  reactions, 
among  which  may  be  cited  the  momentary  formation  of  the  so- 
called  iodide  of  stibethyl  on  adding  hydriodic  acid  to  a  solution  of 
the  salt  (SbAe3)I.  Merck  does  not,  however,  explain  how  the 
compound  (SbAe3)I  +  HI  can  be  formed  by  the  direct  com- 
bination of  iodine  with  stibethyl  dissolved  iu  alcohol  or  ether. 

Compounds  of  Stibtriethyl. 

Oxide.  SbAcgO. — This  compound  is  obtained  by  decomposing 
the  aqueous  solution  of  the  iodide  with  pure  and  recently  precipi- 
tated oxide  of  silver.  The  filtrate  contains  in  solution  a  somewhat 
considerable  quantity  of  oxide  of  silver,  which  can  only  be  partially 
separated  by  concentration,  and  must  therefore  be  removed  by 
careful  precipitation  with  dilute  hydriodic  acid.  Hydrochloric  acid 
cannot  be  used,  because  it  dissolves  the  oxide  in  somewhat  con- 
siderable quantity.  The  filtered  solution  is  then  evaporated,  first 
over  the  water-bath,  and  afterwards  in  vacuo  over  oil  of  vitriol. 

Thick,  syrupy,  transparent,  colourless  mass,  which  has  a  slip- 
pery feel  between  the  fingers,  like  very  strong  potash- ley.  It  is 
inodorous ;  has  an  intensely  bitter  and  biting  taste,  and  a  strong 
alkaline  reaction.  It  is  somewhat  volatile,  slight  fumes  being 
produced  when  a  rod  moistened  with  hydrochloric  acid  is  held  over 
its  aqueous  solution :  it  does  not,  however,  diminish  perceptibly 
in  weight  when  kept  even  for  a  long  time  in  vacuo  over  sulphuric 
acid. 

The  oxide  dissolves  readily  in  water,  the  solution  being  attended 
with  considerable  rise  of  temperature.  The  solution  precipitates 
mauganous,  ferrous,  ferric,  cupric,  mercuric  and  lead  salts,  without 
dissolving  the  precipitates  in  excess.  In  alumina  and  zinc  salts,  it 
forms  white  precipitates,  soluble  in  excess. 

Oxide  of  stibtriethyl  is  a  strong  base ;  its  salts  all  dissolve  readily 
in  water,  but  sparingly  in  alcohol :  they  have  a  bitter  taste,  but  no 
emetic  action. 

The  oxide  dissolves  readily  in  alcohol,  but  sparingly  in  ether. 

The  Sulphide  of  stibtriethyl  has  not  yet  been  obtained  in  the 
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separate  state.  On  saturating  an  alcoholic  solution  of  the  oxide 
with  sulphuretted  hydrogen  and  leaving  it  to  evaporate,  fine 
crystals  are  obtained,  which  appear  to  be  identical  with  the  so- 
caUed  sulphide  of  stibethyl. 

Carbonate  of  Stibtriethyl.  SbAcgO^COg. — Obtained  by  decom- 
posing the  iodide  with  carbonate  of  silver.  On  evaporating  the 
filtrate  over  the  water-bath,  the  salt  remains  in  the  form  of  a 
syrupy  mass,  without  any  trace  of  crystallization. 

Sulphate  of  Stibtriethyl.  SbAcgOjSOg. — Obtained  by  decom- 
posing the  iodide  with  sulphate  of  silver.  Does  not  crystallize ; 
but  by  evaporation,  first  in  the  water-bath  and  then  in  vacuo  over 
oil  of  vitriol,  it  is  obtained  in  the  form  of  a  transparent  gummy 
mass,  which  may  be  rubbed  to  a  white  powder.  Deliquesces 
readily  in  the  air,  and  dissolves  in  all  proportions  in  water. 

Iodide  of  Stibtriethyl.  Sbxlegl. — Obtained  either  by  exactly 
saturating  the  oxide  with  hydriodic  acid,  the  latter  being  added 
in  the  state  of  dilute  solution,  till  it  produces  a  penaaanent  cloud, 
which  may  then  be  made  to  disappear  by  adding  a  drop  of  the 
oxide;  or  by  the  action  of  ammonia  or  stibtriethyl  on  iodide  of 
stibtriethyl  and  hydrogen,  SbAe3l,HI. 

Crystallizes  very  readily.  By  leaving  the  ethereal  solution  to 
evaporate,  large,  hard,  transparent,  colourless,  octohedi'ons  or 
tetrahedrons  are  obtained,  which  are  inodorous,  and  have  a  glassy 
lustre.  They  exhibit  no  trace  of  decomposition  when  exposed  to 
the  air,  even  for  weeks ;  they  are  anhydrous,  and  sufl'er  no  loss  of 
Aveight  in  vacuo  oil  of  vitriol.  Crystals  of  the  same  form  are 
obtained  from  the  aqueous  or  alcoholic  solution. 

Calc.  Found. 


a. 

b. 

c. 

d. 

Sb   .     . 

.     129 

3772 

37-84 

12C     .     . 

.       72 

2105 

20-69 

20-65 

20-70 

15  H    .     . 

15 

4-39 

4-53 

4-63 

4-52 

I      .     . 

.     126 

36-84 

36-68 

37-70 

3710 

36-93 

(CJl5)3SbI    .     342       100-00       99-74 

a  and  b  were  obtained  by  the  action  of  ammonia ;  c  and  d  by  that  of  stibethyl  on 
the  compound,  SbAe3l,HI. 

An  aqueous  solution  of  mercuric  bromide  added  to  aqueous 
iodide  of  stibtriethyl,  forms  at  first  a  yellow  precipitate,  which, 
however,  very  soon  changes  to  red,  the  decomposition  being  then 
complete.  No  doubt  the  yellow  modification  of  mercuric  iodide 
is  formed  at  first,  and  afterwards  passes  into  the  red.  This  reaction 
distinguishes  iodide  of  stibtriethyl  from  iodide  of  stibethylium. 
"When  the  bromide  of  mercury  and  iodide  of  stibtriethyl  are  mixed 
in  exactly  equal  numbers  of  atoms  and  in  the  state  of  alcohohc 
solution,  no  precipitate  is  formed ;  but  on  evaporating  the  liquid. 
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there  remains  a  slightly  yellowish  oil,  which,  indeed,  separates  as 
the  alcohol  evaporates ;  when  this  oil  is  shaken  up  with  Avater,  red 
iodide  of  mercury  immediately  separates  out,  and  bromide  of  stib- 
triethyl  remains  in  solution. 

Iodide  of  stibtriethyl  is  soluble  in  water,  alcohol,  and  ether. 

Bromide  of  Stibtriethyl.  SbAegBr. — Obtained  b}'  the  action  of 
bromide  of  mercmy  on  iodide  of  stibtriethyl  in  alcoholic  solution 
in  the  manner  just  mentioned — or  better,  by  adding  bromide  of 
barium  to  the  aqueous  sulphate  of  stibtriethyl,  as  long  as  a  preci- 
pitate is  formed.  The  filtrate  evaporated  over  the  water-bath,  and 
then  in  vacuo  over  oil  of  vitriol,  exhibited  traces  of  crystallization 
after  a  Aveek. 

Chloride  of  Stibtriethyl.  SbAcgCl. — Obtained  by  decomposing 
the  iodide  with  coiTosive  sublimate,  the  aqueous  solutions  of  the 
two  salts  being  mixed  in  exactly  equal  numbers  of  atoms ;  also  by 
adding  chloride  of  stibtriethyl  and  hydrogen  to  an  aqueous  solution 
of  the  oxide.  Very  soluble  in  water,  and  crystallizes  only  from 
highly  concentrated  solutions ;  no  definite  crystals  were  obtained. 
Forms  a  white,  radiated  mass,  which  rapidly  absorbs  water  from 
the  air. 

On  adding  hydrochloric  acid  to  the  aqueous  solution  of  this  salt, 
the  acid  chloride  SbAegCljHCl,  separates  in  the  form  of  a  perfectly 
colom'less  liquid,  containing  25"16  per  cent,  chlorine,  the  formula 
requiring  24*78  per  cent. 

The  aqueous  solution,  mixed  with  bichloride  of  platinum,  does 
not  form  any  precipitate ;  but  on  evaporating  the  liquid,  a  dark- 
coloured  oily  substance  is  at  length  obtained,  Avhich,  however,  has 
not  been  further  examined. 

Nitrate  of  Stibtriethyl. — a.  Neutral.  SbAe30,N05. — Prepared 
by  decomposing  the  iodide  with  nitrate  of  silver.  On  evaporating 
the  filtrate,  first,  in  the  water-bath,  and  then  over  oil  of  vitriol  in 
vacuo,  the  whole  solidifies  in  a  solid  radiated  mass,  which  dissolves 
very  easily  in  water,  but  does  not  deliquesce  in  the  air. 

b.  Acid.  SbAcgO,  110,2X05. — When  the  neutral  nitrate  is 
dissolved  in  dilute  nitric  acid,  and  the  solution  evaporated  over 
the  water-bath,  the  acid  salt  separates  in  oily  drops,  which  solidify 
in  a  crystalline  mass  on  cooling;  and  on  dissolving  this  mass  in 
water  and  evaporating,  the  acid  salt  is  obtained  in  beautiful  rhom- 
boidal  crystals,  which  dissolve  readily  in  hot  water.  The  salt  thus 
obtained  exhibits  all  the  properties  of  the  nitrate  of  stibethyl 
obtained  by  Jjowig  and  Schweizer,  in  which  they  found  32'01 
per  cent,  nitric  acid;  the  above  formula  requires  31  "67. 

Acetate  of  Stibtriethyl. — When  the  solution  of  the  oxide  is 
saturated  Vv^ith  acetic  acid  and  the  solution  evaporated  over  the 
water-bath,  there  remains  a  thick  syrupy  residue,  which  does  not 
crystallize,  even  after  long  standing  in  a  warm  place. 
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On  the  Stiliaiuyls.  * 
By  F.  Berle. 

These  compounds  are  formed  by  the  action  of  iodide  of  amyl  on 
autimonide  of  potassium.  The  latter  substance  (prepared  by 
L 5 wig's  processf)  is  finely  pulverized,  with  addition  of  about  half 
its  bulk  of  dry  sand;  then  introduced  into  glass  flasks,  in  such 
quantity  as  to  fill  them  to  about  two-thirds,  and  iodide  of  amyl 
added  sufficient  to  moisten  the  mass  throughout.  After  some  time, 
and  generally  not  till  after  the  application  of  heat,  a  violent  action 
takes  place,  attended  with  volatilization  of  the  excess  of  iodide  of 
amyl,  Avhich  may  be  condensed  by  surmounting  the  flask  ^^  ith  a 
distillation-tube.  The  flasks  are  then  corked,  their  contents  (a  grey, 
pulverulent,  coherent  mass,)  softened  when  cold  with  a  small  quan- 
tity of  water,  and  emptied  into  a  capacious  cylinder,  previously 
filled  with  carbonic  acid  gas.  In  this  vessel,  the  product  is 
repeatedly  exhausted  with  ether ;  the  ethereal  solution,  after  it  has 
become  clear  by  standing,  poured  into  a  large  flask  filled  with 
carbonic  acid,  and  completely  distilled  off"  after  addition  of  water 
or  ether.  The  residue  consists  of  stibtriamyl,  protected  from  the 
action  of  the  air  by  the  water  which  is  still  present. 

Pure  strbtriamyi  is  a  transparent,  slightly  yellowish  liquid,  very 
viscid  below  20°  C,  more  mobile  at  higher  temperatures.  Has  a 
peculiar  aromatic  odour,  and  a  bitter,  somewhat  metallic  and  very 
persistent  taste.  Sp.  gr.  —  1*1333  at  17°  C.  In  contact  with  the 
air  it  fumes  strongly,  but  does  not  take  fire ;  it  decomposes  at  the 
same  time,  with  separation  of  a  white  powder.  A  drop  of  it 
placed  on  a  piece  of  bibulous  paper,  and  exposed  to  the  air,  becomes 
so  strongly  heated  that  the  paper-fibre  is  charred.  In  presence  of 
very  small  quantities  (2  per  cent)  of  amylic  alcohol  or  iodide  of 
amyl,  stibtriamyl  is  also  decomposed  on  exposure  to  the  au\  but 
without  fuming  or  sensible  rise  of  temperature.  It  is  insoluble  in 
water ;  sparingly  soluble  in  absolute  alcohol ;  very  easily  soluble  in 
ether.  Heated  for  eight  days  with  iodide  of  amyl  in  a  sealed 
glass  tube,  placed  in  the  water-bath,  it  does  not  show  any  incli- 
nation to  combine. 


Stibtriamyl. 

180 

33 

129 

Calc. 

52-G3 

9-65 

37-72 

Foimd. 

30  C      .     .     . 

33  H      .     .     . 

Sb    .     .     . 

53-55 
10-00 

52-5G 
10-00 

51-GG 
1000 


(CioHiOaSb     .     342       100-00 

•  J.  pr.  Chem.,  Ixv.,  385;  Ann.  Ch.  Pharm.,  xcvii.,  316. 
t  Ann.  Ch.  Pharm.,  Ixxv.,  316. 
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If  the  stibtriamyl,  prepared  as  above,  is  contaminated  with  free 
araylic  alcohol  (as  when  the  iodide  of  amyl  used  in  the  preparation 
is  impure)  or  with  iodide  of  amyl,  the  following  method  may  be 
adopted  for  the  preparation  of  pure  compounds.  The  impure 
stibtriamyl  is  dissolved  in  a  mixture  of  ether  and  alcohol ;  bromine 
in  alcoholic  solution  carefully  added  till  its  colour  just  begins  to 
be  permanent ;  then  the  bromide  of  stibtriamyl,  precipitated  by 
addition  of  a  large  quantity  of  water ;  the  bromide  converted  into 
oxide  of  stibtriamyl,  by  means  of  silver-oxide  suspended  in  alcohol ; 
the  resulting  solution  again  precipitated  by  water;  the  separated 
oxide  dissolved  in  hydrochloric  acid  and  alcohol;  and  the  pure 
chloride  precipitated  by  another  addition  of  water,  and  freed  from 
a  small  quantity  of  water  by  continued  heating  to  100°,  and  the 
use  of  chloride  of  calcium. 

Stibtriamyl  combines  with  oxygen,  iodine,  &c.,  forming  com- 
pounds, in  which  Berle  supposes  1  At.  of  the  radical  to  be  united 
with  2  At.  of  oxygen,  &c. ;  the  same  view,  in  fact,  as  that  proposed 
by  Lowig  for  the  compounds  of  stibethyl.* 

Oxide  of  Stibtriamyl  is  produced  by  slow  evaporation  of  an 
ethereal  solution  of  stibtriamyl  in  contact  with  the  air.  There 
then  remains  a  greyish  yellow,  very  viscid,  resinous  mass,  which 
becomes  somewhat  more  fluid  when  heated,  but  readily  decomposes 
at  a  higher  temperature.  Tastes  and  smells  like  stibtriamyl. 
Insoluble  in  water ;  sparingly  soluble  in  hydrated  alcohol  and  in 
ether;  easily  soluble  in  absolute  alcohol.  The  alcoholic  solution 
precipitates  the  oxides  of  the  heavy  metals  from  their  salts.  It 
dissolves  readily  in  acids,  and  the  resulting  compounds  are  precipi- 
tated from  their  alcoholic  solutions  by  water. 

Chloride  of  Stibtriamyl. — Obtained  by  dissolving  the  oxide  in 
hydrochloric  acid,  or  by  the  method  above  described,  is  a  yel- 
lowish, translucent  liquid,  viscid  at  ordinary,  comparatively 
mobile  at  higher  temperatures,  heavier  than  water;  dissolves  in 
alcohol  and  ether.  When  precipitated  from  the  alcoholic  solution 
by  water,  it  obstinately  retains  small  portions  of  water  and  alcohol, 
from  which  it  can  only  be  freed  by  continued  heating  to  100°,  and 
drying  over  chloride  of  calcium.  Has  a  peculiar  smell  and  taste, 
like  the  radical.     Decomposes  above  160°. 

Calc.  Found. 

Sb 129         31-23 

30  C 180         43-69         41-59         43-G3 

33  H 33  8-09  8-2  900 

2  CI 70         16-99  16-83 

(CioHii)3Sb,Cl2       .     412       100-00 

*  Chem.  Soc.  Qu.  J.,  v.,  69.  For  another  view  of  the  constitution  of  the  com- 
pounds of  metalliodal  radicals,  containing  1  At.  metal  to  3  At.  of  an  alcohol-radical, 
see  page  278  of  this  volume. 
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Iodide  of  Stibtriamyl  is  obtained  by  dissolving  the  oxide  in 
hydriodic  acid  and  precipitating  by  water,  or  by  adding  iodine  to 
the  radical  as  long  as  it  is  discolorized.  Very  ranch  like  the 
chloride.  Bromide  of  Stibtriamyl  is  prepared  in  like  manner, 
and  exhibits  similar  properties. 


Iodide. 

Calc. 

Found. 

Bromide. 

Calc. 

Found. 

Sb 

.    . 

129 

21-65 

Sb 

.... 

129 

25-70 

soc 

•        •         • 

ISO 

30-20 

29-28 

30  0 

. 

180 

35-86 

36-04 

33  H 

•        •        • 

33 

6-54 

6-10 

33  H 

33 

6-57 

6-75 

21. 

•     •    • 

252 

42-61 

40-00 

2  Br 

.     .     .    . 

160 

31-87 

32-28 

{C10H3 

l)3Sb.l2- 

594 

10000 

(CioH, 

,i)3Sb,Br,. 

502 

100-00 

When  chloride  or  iodide  of  stibtriamyl  is  mixed  with  an  alcoholic 
solution  of  nitrate  of  silver^  as  long  as  a  precipitate  forms,  and  then 
filtered,  the  filtrate  forms  an  emulsion,  from  which,  after  standing 
for  some  time  in  a  warm  place,  two  liquids  separate,  the  upper 
being  light,  yellow  and  mobile,  and  the  lower  a  deep  brown-red  oil. 
The  upper  layer,  when  slowly  evaporated,  yields  slender  white 
crystals  grouped  in  stars ;  they  may  be  purified  by  recrystallization 
from  dilute  alcohol.  The  dark  red  oil  likewise  dissolves  on  addition 
of  a  large  quantity  of  hydrated  alcohol,  and  the  solution,  after 
standing  for  some  time,  yields  the  same  crystals.  These  crystals 
melt  at  about  20° ;  the  fused  mass  does  not  dissolve  in  alcohol  so 
readily  as  the  crystals.  This  salt,  the  only  crystallizable  compound 
of  stibtriamyl,  is  the  Nitrate  of  Stibtriamyl,  (CjoHii)3Sb2,2NOg, 
(nitric  acid  by  analysis  23-39  per  cent. ;  by  calculation  22-30) ;  it 
is  insoluble  in  water  and  ether,  but  dissolves  in  hydrated  alcohol. 
Has  a  peculiar  metallic  taste. 

By  decomposing  equivalent  quantities  of  sulphate  of  silver  and 
a  haloid  compound  of  stibtriamyl  dissolved  in  alcohol,  Sulphate  of 
Stibtriamyl  is  obtained  in  solution.  This  salt  was  obtained  only 
as  an  oily  body,  which  yielded  18-03  per  cent,  sulphuric  acid :  the 
formula  Ci„llji)3Sb,2SO^  requires  18-26  per  cent. 

The  white  powder,  formed  by  the  action  of  the  air  upon  stib- 
triamyl, is  insoluble  in  ether,  alcohol,  and  water;  it  does  not 
dissolve  in  hydrochloric  acid,  but  imperfectly  in  fuming  nitric 
acid;  slowly  in  aqua-regia.  It  remains  unaltered  even  when 
strongly  heated,  not  decomposing  below  a  red  heat.  Berle  sup- 
poses it  to  be  (Ci(jHij)3Sb,2SO^  -|-  2Sb03.  When  sulphuretted 
hydrogen  was  passed  for  some  time  through  this  compound  sus- 
pended in  alcohol,  a  white  powder  immediately  separated,  which 
gradually  assumed  an  orange  colour,  and  then  formed  a  pulpy 
mass,  which  could  not  be  filtered.  After  addition  of  a  large 
quantity  of  alcohol  and  ether,  the  liquid,  when  left  to  stand  in  a 
warm  place,  deposited  an  orange-red,  flocculent  precipitate,  which 
after  drying  formed  a  brownish  yellow  powder,  insoluble  in 
alcohol,  ether,  and  water ;  this  powder  decomposed  at  a  very  high 
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temperature,  and  took  fire  when  fuming  nitric  acid  was  poured 
upon  it.  Berle  regards  this  compound  as  (CiQHjj)3SbS2  +  2SbS3 
(it  gave  18"38  per  cent,  sulphur,  the  formula  requu-ing  17'59).  A 
compound,  supposed  to  be  identical  with  this,  is  formed  by  passing 
sulphuretted  hydrogen  for  some  time  through  an  alcoholic  solution 
of  oxide  of  stibtriamyl. 

When  the  product  of  the  action  of  iodide  of  amyl  upon  iodide 
of  potassium,  instead  of  being  exhausted  with  ether,  was  distilled 
in  an  atmosphere  of  carbonic  acid,  a  liquid  passed  over,  which  was 
freed  from  undecomposed  iodide  of  amyl  by  distillation  over  anti- 
raonide  of  potassium.  The  liquid  thus  obtained  gave  ofi'  when 
heated  to  80°  C.  a  colourless  gas,  %yhich  had  a  peculiar  odour; 
burnt  with  a  bright  flame,  diffusing  a  Avhite  smoke  of  antimonic 
oxide ;  was  not  absorbed  by  water ;  but  when  left  for  some  time  in 
contact  with  it,  deposited  a  white  coating  of  antimony  on  the  sides 
of  the  vessel.  After  the  gas  had  been  driven  off,  the  liquid  was 
greenish  yellow,  had  a  peculiar  aromatic  odour  and  bitter  taste; 
was  tolerably  mobile,  and  heavier  than  water.  It  was  insoluble  in 
water,  but  miscible  in  all  proportions  with  alcohol  and  ether. 
Exposed  to  the  air,  it  does  not  fume  or  become  heated;  when  set 
on  fire,  it  burns  with  a  very  bright  flame,  diffusing  a  white  fume 
of  antimonic  oxide ;  when  heated  in  pure  oxygen  gas,  it  explodes 
with  the  greatest  violence ;  fuming  nitric  acid  decomposes  it  with 
considerable  evolution  of  heat.     This  compound  is  StibhiamyL 

Calc.  Found. 

Sb       .     .     .     129        47-6 
20  C    .     .     .     .     120        44-3         45-1 3         43-30        4483 
22  H  .     .     .     .       22  8-1  8-80  9-01  8-60 

(CioHn)2Sb.     .     271      100-0 

When  an  ethereal  solution  of  stibbiamyl  is  left  to  evaporate  in 
the  air,  the  resulting  oxide  absorbs  carbonic  acid.  The  radical, 
heated  for  some  time  to  100°  in  a  stream  of  dry  carbonic  acid, 
yielded  a  liquid  similar  in  properties  to  the  pure  radical,  but  more 
viscid.  This  liquid  gave  42-19  per  cent,  carbon,  and  is  regarded 
by  Berle  as  (Cjf,Hji)2^^0,C02,  this  formula  requiring  41-52  per 
cent.  C.  The  haloid  salts  of  stibbiamyl  are  gummy  liquids;  the 
sulphate  and  nitrate  are  precipitated  from  their  alcoholic  solutions 
by  water  in  the  form  of  gummy  masses,  which  dry  up  to  amor- 
phous solids. 
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On  Metiiylurainlne  and  its  Derivatives*. 
By  Y.  Dessaignes. 

Two  years  ago,  the  author  described  t  under  the  name  Methylura- 
mine,  a  strong  base,  produced  by  the  action  of  mercuric  oxide  on 
creatine  or  creatinine. 

2CsHpN30^  +  10  O  =  2C^H7N3,CJi208  +  4CO2  +  2H0. 

creatine.  oxalate  of  methyluramine. 

2C8H7N3O2  4-100  +  2110  =  2CJl7N3,C^H208  +  4CO2. 

' V ' 

creatinine. 

This  base  may  be  regarded  as  a  compound  formed  from  urea  'and 
methylamine,  with  elimination  of  2  At.  water : 

C4H7N3  +  2H0  =  C2H4N2O2  +  C2H5N. 

Creatine,  on  the  other  hand,  may  be  regarded  as  glycolate  of 
methykiramine  minus  water, — and  sarcosine,  its  derivative,  as  an 
amide  formed  from  glycolic  acid  and  methylamine.  If  this  view 
of  the  constitution  of  these  bodies  be  correct,  it  must  be  possible 
to  obtain  methylamine  from  them.  That  such  is  the  case,  is 
shown  by  the  following  experiments. 

The  salts  of  methyluramine,  heated  with  solution  of  potash, 
give  off  an  abundance  of  alkaline  vapours ;  and  on  absorbing  these 
vapours  by  hydrochloric  acid,  evaporating  the  solution  to  dryness, 
and  separating  the  greater  part  of  the  chloride  of  ammonium  l)y 
means  of  absolute  alcohol,  an  alcoholic  solution  is  obtained,  from 
which  a  salt  crystallizes  in  shining  laminae;  the  platinum-salt 
prepared  from  this  compound  exhibits  the  composition  of  chloro- 
platinate  of  methylamine. 

Creatine,  heated  with  soda-lime,  yields  alkaline  vapours,  the 
platinum-salt  of  which,  prepared  as  above,  likewise  exhibits  the 
composition  of  chloroplatinate  of  methylamine. 

Sarcosine,  treated  in  the  same  manner,  yields  methylamine, 
which  may  also  be  obtained  from  it  by  the  following  reaction. 
When  sulphate  of  sarcosine  is  dissolved  in  water,  and  heated  with 
peroxide  of  lead,  it  is  decomposed  with  brisk  effervescence,  the  liquid 
assuming  an  alkaline  reaction,  and  emitting  a  peculiar  intoxicat- 
ing odour:  there  is  then  formed  a  sulphate  which  may  be  decomposed 
by  chloride    of  barium;  and  the  resulting  chloride,   mixed  with 

*  Compt.  rend.  xH,  1258;  Ann.  Ch.  Pharm.  xcvii,  339. 
+  Compt.  rend,  xxxviii,  839. 
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bichloride  of  platinum,  yields  chloroplatinate  of  raethylamine  iu 
small  hexagonal  tables  very  pure  and  having  a  strong  lustre. 

Lastly,  creatine  oxidized  by  nitric  acid  with  the  aid  of  heat, 
yields  ammonia  and  a  base  which  Chevreul  noticed  but  did  not 
analyze.  This  base  is  also  methylamine;  but  the  platinum-salt 
obtained  from  it  is  difficult  to  free  from  the  accompanying  sal- 
ammoniac. 

Peroxide  of  lead  oxidizes  creatine  on  addition  of  sulphuric  acid, 
and  on  heating  the^  mixture,  the  acid  becomes  almost  saturated. 
The  sulphate  thus  formed  was  converted  into  a  hydrochlorate,  and 
from  this  a  platinum-salt  was  prepared  which  crystallized  in 
beautiful  orcinge-coloured  prisms,  and  exhibited  the  composition 
of  chloroplatinate  of  methyluramine.  The  crystallized  oxalate 
effloresces  at  100°  C,  and  gives  off  12'95  p.c.  water;  the  base  in 
the  free  state  likewise  exhibited  all  the  properties  of  methy- 
luramine; but  the  platinum-salt  and  the  oxalate,  even  after  re- 
peated crystallizations,  appeared  to  crystallize  in  forms  different 
from  those  of  the  corresponding  salts  of  methyluramine  prepared 
with  oxide  of  mercury. 

When  nitrous  acid  gas  is  passed  through  an  aqueous  solution  of 
creatinine,  the  liquid  effervesces,  quickly  turns  brown,  and  then 
becomes  turbid;  and  after  a  few  hours,  deposits  an  abundance  of 
small  indistinct  and  somewhat  yellowish  crystals,  which  become 
thick  if  left  for  some  time  in  the  liquid.  These  crystals  are  the 
nitrate  of  a  new  weak  base,  the  salts  of  which  are  partially  decom- 
posed even  by  solution  in  water.  A  dilute  solution  of  ammonia 
added  to  the  acid  liquid  in  sufficient  quantity  to  saturate  it,  throws 
down  a  white  amoi'phous  powder  insoluble  in  water.  This  base, 
after  Avashing  and  drying,  forms  a  light,  coherent,  friable  mass, 
the  powder  of  which  is  soft  to  the  touch,  and  becomes  electric  by 
friction.  It  is  tasteless.  It  dissolves  in  dilute  acids  when  gently 
heated,  and  the  solutions  yield  on  cooling  well  crystallized  and 
sparingly  soluble  salts. 


Free  Base. 

Calc. 

Found. 

12  C      ... 

.     72 

33-64 

34-46 

lOH     .     .     . 

.     10 

4-67 

5-24 

6N     .     .     . 

.     84 

39-29 

38-14 

60     .     .     . 

.     48 

22-40 

22-16 

Ci^HioNeOe    • 

.  214 

10000 

100-00 

The  Injdroclilorate  forms  short,  deeply  striated  prisms,  which 
give  by  analysis  25-18  p.c.  C,  5-50  H,  27-40  N,  and  17-95  CI, 
agreeing  nearly  with  the  formula  2Cj2HjoNgOg,3HCl  +  6Aq.  The 
'jilatinum-saJt,  which  is  tolerably  soluble,  also  forms  large  crystals, 
whose  analysis  gave  13-06  p.c.  C,  2-83  H,  29*31  CI,  and 
26-34  Pt,  agreeing  nearly  with  the  formula  2Ci2HioN606,3HCl, 
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3PtCl2  +  6Aq.  The  formulae  of  these  salts  are  somewhat  unusual, 
and  stand  in  need  of  further  verification.  The  following  reaction, 
however,  appears  to  confirm  the  formula  assigned  to  the  base : 

When  the  base  is  heated  to  100°  C.  with  excess  of  hydrochloric 
acid,  it  is  readily  decomposed,  with  formation  of  oxalic  acid,  sal- 
ammoniac,  and  a  body  wliich  crystallizes  in  long  shining  prisms  or 
lamime;  dissolves  slowly  in  cold,  readily  in  hot  water,  and  to  a 
small  amount  in  ether;  has  an  unpleasant,  almost  metallic  taste; 
is  fusible;  may  be  volatilized  without  decomposition;  burns  with 
flame  and  without  residue;  exerts  a  slight  acid  reaction  upon 
litmus-paper,  and  does  not  precipitate  the  salts  of  lime,  baryta, 
lead-oxide,  cupric-oxide,  zinc-oxide,  or  in  dilute  solution,  chloride 
of  mercury,  or  nitrate  of  silver.  This  body  exhibits  all  the  proper- 
ties of  the  substance  which  Liebig*  discovered  as  accompanying 
sarcosine  in  small  quantity.  To  Liebig's  description  it  is  only 
necessary  to  add,  that  the  substance  precipitates  nitrate  of  silver 
and  mercurous  nitrate  in  somewhat  concentrated  solutions.  Its 
analysis  gave  37'50  p.c.  C,  3-12  H,  and  21'87  N,  agreeing  very 
nearly  with  Liebig^s  formula  C8H^N206. 

The  relations  existing  on  the  one  hand,  between  creatinine  and 
the  insoluble  base,  and  on  the  other  hand  between  this  base  and 
the  substance  discovered  by  Liebig,  may  be  expressed  as  follows  : 

2C8H,N30.3  +  14  0  =  Ci2HioN60g  -h  400^  +  4H0 

'^ V ' 

creatinine. 

Cz^Hio^^eOe  +  8H0  =  CgH.N^Og  +  4NH3  +  C.HA- 

insoluble  base. 

Creatine  acted  upon  by  nitrous  acid,  yields  a  small  quantity  of 
a  white  powder,  whose  identity  with  the  base  just  described  was 
established  by  its  yielding  the  substance  CgH^N206  ^^en  heated 
to  100°  with  hydrochloric  acid.  The  same  substance  was  likewise 
obtained  when  the  acid  mother-liquor  from  which  the  nitrate  of 
the  new  base  had  crystallized  was  left  to  evaporate  over  lime  within 
a  bell-jar. 

*  Ann.  Ch.  Phann.  Ixii,  317. 
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On  the  Reciprocal  Precipitations  of  the  Metals. 
By  William  Odling,    M.B.,  L.K.C.P., 

SECBETABY   TO   THE   CHEMICAL   SOCIETT. 

In  a  paper  read  at  the  Cheltenham  meeting  of  the  British  Asso- 
ciation, I  observed  that  "  when  metallic  cadmium  is  introduced 
into  an  acidulated  or  non-acidulated  solution  of  chloride  of  copper, 
with,  or  more  slowly  without,  ebullition,  the  whole  of  the  copper 
is  deposited  in  a  red  pulverulent  state ;  but  that  when  a  piece  of 
clean  copper  foil  is  immersed  in  a  boiling,  moderately  concen- 
trated, and  slightly  acidulated  solution  of  chloride  of  cadmium, 
after  some  little  time,  a  very  brilliant  coating  of  cadmium,  of  a 
white  or  yellowish-white  colour,  is  precipitated  upon  the  copper." 
This  last  decomposition  being  in  very  curious  antagonism  to 
Bergtnann's  view  of  single  elective  aflBjiity,  I  was  induced  to 
make  some  further  experiments  upon  the  reciprocal  precipitations 
of  the  metals.  The  results  I  have  obtained  form  the  subject  of 
my  present  communication  to  this  society. 

Silver  and  Mercury. — The  introduction  of  metallic  mercury  into 
a  solution  of  nitrate  of  silver  is  followed  by  a  beautiful  growth  of 
crystalHne  silver,  constituting  the  well-known  Arbor  Luna ;  but 
when  a  piece  of  clean  silver  foil  is  immersed  in  a  solution  of 
mercurous  nitrate,  the  foil  becomes  eventually  covered  with  a 
semihquid  layer  of  amalgam,  is  rendered  very  brittle  throughout, 
and,  when  heated  in  a  tube,  affords  an  abundant  mercurial  sub- 
limate.    The  same  result  was  obtained  with  pui"e  raetalhc  silver, 
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reduced  from  tlie  chloride  by  carbonate  of  soda.  Acidification 
and  continued  ebullition  of  the  solution^  facilitate,  but  are  not  by 
any  means  essential  to,  the  deposition  of  the  mercury.  Thus  it 
appears  that,  under  circumstances  of  the  greatest  similarity, 
mercury  will  precipitate  silver,  and  silver  will  precipitate  mercury, 
from  their  respective  nitric  solutions.  Moreover,  silver,  when 
boiled  in  an  acidified  solution  of  corrosive  sublimate,  becomes 
covered  with  a  layer  of  calomel  and  metallic  mercury,  but  the 
result  is  not  so  striking  as  that  with  the  mercurous  salt. 

Silver  and  Copper. — When  metallic  copper  is  introduced  into  a 
solution  of  nitrate  or  sulphate  of  silver,  or  into  a  liquid  turbid 
ffom  the  suspension  of  chloride  of  silver,  a  precipitate  of  silver 
takes  place  almost  immediately.  The  deposit  is  generally  pulve- 
rulent, but  may  be  obtained  from  the  sulphate  and  chloride  as  a 
brilliant  metallic  coating,  provided  the  dilution  be  very  consider- 
able. Ebullition  facilitates  the  deposition  of  silver  from  dilute 
solutions,  but  interferes  with  the  appearance  of  the  coating.  When 
on  the  contrary  a  piece  of  silver  foil,  or  of  pure  silver  reduced 
from  the  chloride,  is  boiled  in  an  acidulated  and  strong  solution  of 
sulphate  of  copper,  after  some  time,  the  silver  acquires  a  faint 
coating  of  metallic  copper.  When  viewed  in  certain  positions,  the 
red  colour  of  the  copper  is  very  apparent.  When,  however,  the 
cupric  coating  is  so  thin  as  to  be  imperceptible  to  the  eye,  the 
presence  of  the  metal  may  be  evidenced  by  moistening  the  foil 
with  ammonia,  whereby  the  deep  blue-coloured  solution  of  cu- 
pramide  is  gradually  developed ;  or  better  still,  by  heating  the  foil, 
when  the  redness  of  copper  or  its  suboxide  is  frequently  brought 
out  with  such  intensity  as  entirely  to  conceal  the  colour  of  the 
silver.  With  a  solution  of  nitrate  of  copper,  the  silver  becomes 
discoloured,  but  there  is  no  decided  metallic  precipitate.  With 
solution  of  chloride  of  copper  the  results  are  most  decided.  The 
silver  foil,  or  reduced  silver,  becomes  almost  immediately  covered, 
even  in  the  cold,  with  an  opaque  layer  of  a  pale  dull  copper  colour. 
By  continued  ebullition  the  colour  of  the  coating  becomes  much 
deeper  and  less  red.  The  deposit  is  capable  of  receiving  a  polish. 
It  does  not  dissolve  in  cold  hydrochloric  acid,  dilate  or  concen- 
trated, but  simply  becomes  more  bright  and  red  coloured.  By 
boiling  the  coated  foil,  however,  for  some  time,  in  strong  hydro- 
chloric acid,  the  copper  disappears  with  the  evolution  of  gas,  and 
the  silver  remains  coated  with  chloride  of  silver,  which  a  slight 
rubbing  readily  removes.  On  gently  heating  the  coated  foil,  a 
fine   bronze    colour    is    developed.      That   the  coating   is   really 
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metallic  copper,  and  uot  the  suboxide,  to  the  coloui'  of  which  it 
sometimes  most  approximates,  is,  I  consider,  unquestionable.  Its 
insolubility  in  cold  hydrochloric  acid,  and  its  solubility  in  the 
boiling  acid  with  the  evolution  of  gas,  leave  no  doubt  upon  the 
subject.  I  have  satisfied  myself  by  a  great  number  of  experi- 
ments, that  pure  metallic  copper  is  soluble  to  a  very  manifest 
extent  in  boiling  liydi'ochloric  acid.  There  is,  indeed,  no  difficulty 
in  collecting  considerable  quantities  of  hydi'ogen  generated  by  the 
reaction  of  hydrochloric  acid  and  copper.  I  have  employed  wire, 
foil,  gauze,  electrotype  copper,  and  copper  reduced  from  the 
chloride  by  zinc,  always  with  the  same  result.  Moreover,  pieces 
of  electrotype  copper  and  thin  foil,  after  a  very  protracted  ebulli- 
tion, disappear  completely  in  the  acid,  and  that  without  any 
absorption  of  oxygen  from  the  air.  Throughout  the  experiment, 
hydrogen  continues  to  be  liberated,  the  dissolved  copper  exists  in 
the  state  of  subchloride,  and  the  liquid  consequently  remains 
colourless. 

Antimony  and  Copper. — The  precipitation  of  antimony  upon 
copper  was,  I  believe,  originally  pointed  out  by  Reins ch  as  giving 
rise  to  a  possible  fallacy  in  the  use  of  his  process  for  the  detection 
of  arsenic,  and  the  re-action  is  now  well  known  to  chemists ;  but  I 
find  that,  when  pure  metallic  antimony  is  boiled  with  an  acidulated 
solution  of  chloride  of  copper,  the  antimony  receives  a  thin,  but 
ob\dous  coating  of  copper.  The  deposition  of  copper  upon  anti- 
mony takes  place  also  in  the  cold,  though  much  less  quickly.  In 
this  case,  the  presence  of  the  copper  may  be  readily  evinced  by 
means  of  ammonia. 

Bismuth  and  Copper. — The  reciprocal  precipitations  of  these 
two  metals  resemble  very  closely  those  of  antimony  and  copper. 
The  precipitate  of  copper  upon  pure  bismuth,  however,  is  not  so 
manifest  to  the  eye  as  is  the  cupric  deposit  upon  antimony,  OMdng 
probably  to  the  greater  want  of  contrast  in  the  colours  of  the 
metals. 

Copper  and  Tin. — When  an  acidulated  solution  of  chloride  of 
copper  is  boiled  with  metallic  tin,  the  whole  of  the  copper  is  depo- 
sited in  a  red  or  black  pulverulent  state.  I  find,  on  the  other 
hand,  that  when  clean  copper  is  boiled  in  a  moderately  strong  and 
rather  acid  solution  of  stannous  chloride,  the  tin  is  deposited  upon 
the  copper  in  the  form  of  a  brilliant  metallic  coating  of  a  some- 
what darker  colour  than  either  the  arsenical  or  antimonial  coatings. 
In  operating  with  dilute  tin  solutions,  from  which  under  any  cir- 
cumstances it  is  difficult  to  obtain  a  deposit,   I  have  not  found  a 
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large  excess  of  acid  advisable.   Reinsch  alludes  to  a  tarnish  being 
produced  upon  copper  when  boiled  in  tin  solutions. 

Copper  and  Lead. — The  introduction  of  a  piece  of  clean  lead 
into  a  solution  of  chloride  of  copper  is  followed  by  a  precipitation 
of  metallic  copper  in  a  red  or  black  pulverulent  state.  But  I  find, 
contraiy  to  the  usual  statements  on  the  subject,  that  copper 
immersed  in  a  boiling,  saturated,  and  strongly  acidified  solution  of 
chloride  of  lead,  acquires,  after  some  few  minutes  ebullition,  a  beau- 
tiful metallic  coating  of  a  somewhat  bluish  colour.  When  the 
liquid  is  but  slightly  acidified,  the  deposit  is  very  faint,  and  amounts 
only  to  a  tarnish. 

Copper  and  Cadmium. — These  results  have  been  already  alluded 
to.  For  the  precipitation  of  cadmium  upon  copper,  especially 
when  1he  solution  is  somewhat  weak,  the  acidification  must  be 
very  slight,  or  be  dispensed  with  altogether.  When  the  precipita- 
tion takes  place  slowly,  the  gradual  concealment  of  the  colour  of 
the  copper  by  the  deposit  of  cadmium  gives  rise  to  some  very 
beautiful  chromatic  appearances.  An  equivalent  of  cadmium  will 
completely  abstract  the  copper  from  a  solution  of  the  neutral 
chloride,  containing  very  much  more  than  an  equivalent  of  copper. 
In  one  experiment,  only  72*75  per  cent,  of  an  equivalent  of 
cadmium  precipitated  an  equivalent  of  copper.  Of  course  a  por- 
tion only  of  the  precipitated  copper  was  in  the  metallic  state.  I 
have  not  succeeded  in  obtaining  a  decided  deposit  of  cadmium 
upon  pulverulent  copper  precipitated  by  cadmium  or  zinc.  More- 
over, it  is  difficult  to  obtain  a  coating  upon  electrotype  copper 
until  the  metal  has  been  fused  and  hammered.  When  a  plate  of 
cadmium  and  a  plate  of  copper  are  immersed  in  dilute  acid,  the 
electric  current  proceeds,  as  is  well  known,  from  the  copper  to  the 
cadmium,  and  when  the  two  metals  are  immersed  in  a  boiling 
solution  of  chloride  of  cadmium,  the  cui'rent  maintains  the  same 
direction.  During  the  passage  of  the  current,  it  seems  that  the 
cadmium  is  deposited  eiectrolytically,  and  that  no  solution  of  the 
copper  takes  place. 

Tin  and  Lead. — When  clean  lead  is  introduced  into  an  acidified 
and  moderately  strong  solution  of  stannous  chloride,  vrith  or 
without  ebullition,  a  deposition  of  metallic  tin  in  the  form  of  a 
powder,  or  of  minute  crystals,  is  produced.  The  decomposition  is, 
however,  very  incomplete.  On  the  other  hand,  when  a  piece  of 
tin  foil,  or  pure  tin,  is  introduced  into  an  acidified,  boiling  solution 
of  chloride  of  lead,  a  deposit  of  lead  speedily  takes  place.  So 
uniform  is  the  coating,  and  so  well  marked  its  colour,  that  the  tin 
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actually  appears  to  have  been  converted  into  lead  foil.  Fischer 
alludes  to  the  precipitation  of  lead  fi'om  the  acetate  by  means  of  tin, 
but  his  reaction  is  much  less  marked  than  that  vrith  the  chloride. 

Tin  and  Cadmium. — The  introduction  of  cadmium  into  an 
acidified  solution  of  stannous  chloride  is  followed  by  the  formation 
of  the  weU-known  tin  tree  or  Arbor  Jovis.  But  when  a  piece  of 
tin  foil,  or  pure  tin,  is  immersed  in  a  solution  of  chloride  of 
cadmium^,  the  latter  metal  is  deposited  upon  the  tin  as  a  film 
having  a  somewhat  iridescent  appearance.  By  boiling  a  piece  of 
tin  in  a  strong  solution  of  chloride  of  cadmium,  a  very  abundant 
deposit  of  cadmium  may  be  obtained. 

Tin  and  Iron. — A  piece  of  clean  iron  or  steel,  immersed  in  a 
boiling  and  tolerably  concentrated  solution  of  stannous  chloride, 
acquires  after  some  little  time  a  pulverulent  coating  of  tin;  but 
when  a  piece  of  tin  foil,  or  pure  tin,  is  boiled  in  an  acidulated 
solution  of  ferrous  chloride,  the  tin  receives  a  black-coloured 
coating,  and  becomes  extremely  brittle  throughout.  After  being 
well  washed  with  water,  and  boiled  with  hydrochloric  acid,  it  yields 
a  solution  in  which  the  presence  of  u'on  is  abundantly  manifest. 
The  brittle  residue,  moreover,  exerts  a  slight  effect  upon  a  delicate 
magnet.  The  reciprocal  actions  of  tin  with  nickel  and  cobalt 
respectively,  resemble  perfectly  the  above-mentioned  reactions  with 
iron. 

Lead  and  Cadmium. — Lead  is  readily  precipitated  by  cadmium. 
From  a  solution  of  acetate  of  lead  the  Arbor  Saturnii  is  produced 
with  nearly  as  much  facility  by  cadmium  as  by  zinc.  But  when 
clean  lead,  pure  or  commercial,  is  boiled  in  a  moderately  concen- 
trated solution  of  cadmic  chloride,  it  speedily  receives  a  brilliant, 
uniform,  yellowish- white  coating  of  metallic  cadmium. 

Cadmium  and  Iron. — A  piece  of  clean  iron  or  steel,  when  boiled 
in  a  solution  of  cadmic  chloride,  acquires  a  complete  coating  of 
metallic  cadmium,  having  exactly  the  same  appeai-ance  as  when 
precipitated  upon  copper  or  lead.  On  the  other  hand,  cadmium 
foil  boiled  in  a  solution  of  ferrous  chloride  receives  a  black  coloui-ed 
coating.  This  coated  foil  acts  slightly  on  the  magnet,  and  when 
washed  with  water  and  boiled  with  hydrochloric  acid,  yields  a 
solution  in  which  the  presence  of  u'on  is  at  once  evidenced  by 
the  usual  reagents.  Nickel  and  cobalt  respectively  reciprocate 
with  cadmium  in  a  manner  precisely  similar  to  that  of  iron.  I 
find  also  that  iron  is  precipitated  to  a  very  great  extent  by  zinc ; 
but  I  have  not  been  able  to  reverse  the  experiment  and  precipitate 
zinc  upon  iron.     In  estimating  iron  by  means  of  a  standard  solu- 
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tion  of  permanganate  of  potash,  ziuc  is  occasionally  added  to  the 
iron  solution,  for  the  purpose  of  reducing  the  ferric  to  the  ferrous 
salt.  Unless  care  be  taken  to  boil  the  liquid  for  some  time  with 
hydrochloric  acid  after  the  disappearance  of  the  zinc,  a  very  serious 
error  may  be  introduced  into  the  process  by  the  abstraction  of 
iron  from  the  liquid. 

From  the  above  described  experiments  it  appears  that  the 
reciprocal  precipitation  of  the  metals  is  a  phenomenon  of  con- 
siderable generality;  how,  then,  are  the  apparently  antagonistic 
results  to  be  explained?  There  can,  I  conceive,  be  no  doubt 
whatever  that,  under  certain  specified  conditions,  the  tendencies 
to  the  formation  of  some  one  particular  compound  are  greater  than 
the  tendencies  to  the  formation  of  some  other  analogous  com- 
pound. Thus  at  a  red  heat,  the  tendencies  to  the  formation  of 
protoxide  of  lead  are  greater  than  the  tendencies  to  the  formation 
of  the  analogous  protoxide  of  silver.  Disregarding  its  etymology, 
we  make  use  of  the  word  affinity  to  express  the  tendencies  which 
lead  and  oxygen  have  to  unite  with  each  other."^  Admitting  then 
to  the  full,  that  there  are  stronger  tendencies  or  affinities  leading 
to  the  production  of  one  compound  AB,  than  of  another  AC,  we 
have  to  inquire  how  it  is  that  AC  is  sometimes  produced  to  the 
prejudice  of  AB. 

From  a  variation  in  the  conditions  of  the  experiment. —  It 
seems  that  the  affinities  leading  to  the  production  of  any  com- 
pound are  not  absolute,  but  variable,  according  to  circumstances. 
Thus,  at  a  red  heat  the  tendencies  to  the  production  of  oxide  of 
iron  or  oxide  of  lead  are  greater  than  at  ordinary  temperatures. 
Now  it  is  not  improbable  that  the  affinity  of  A  for  B  shall  in  one 
set  of  conditions  be  greater  than,  and  in  another  set  of  conditions 
be  less  than,  that  of  A  for  C.  But  irrespective  of  any  absolute 
variation  in  the  powers  of  the  different  affinities,  an  alteration  in 
the  condition  of  the  experiment  brings  other  forces  into  play. 
Thus  the  well-known  results  of  passing  hydrogen  over  red-hot 
oxide  of  iron,  and  steam  over  red-hot  metallic  iron,  have  received 
an  explanation  from   Mr.  Graham   to  the  effect — that  in  the 

*  In  such  a  simple  case  as  the  above,  the  expres^sions  affinity  and  chemical  attraction 
are  perfectly  admissible.  But  when  applied  to  more  complex  instances  of  combina- 
tion, the  phraseology  becomes  objectionable  as  necessarily  representing  to  our  minda 
some  one  or  other  speculative  view  concerning  the  constitution  of  the  body  under 
consideration.  Thus  in  sulphate  of  barium,  Ba'SO',  are  we  to  speak  of  the  affinity 
of  baryta,  Ba-0,  for  sulphuric  anhydride  SO-^-  or  that  of  barium,  Ba-,  for  oxysul- 
phide,  SO';  or  that  of  peroxide  of  barium,  Ba  0-,  for  .sulphurous  anhydride,  SO-; 
&c.,  &c.  It  is  in  this  point  of  view  that  I  take  exception  to  the  word  affinity,  which, 
however,  it  is  scarcely  possible  to  avoid  employing. 
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former  case,  the  diffusive  tendency  of  steam  into  an  atmosphere 
of  hydrogen  determines  the  reduction,  and  in  the  other,  the  dif- 
fusive tendency  of  liydrogen  into  an  atmosphere  of  steam  deter- 
mines the  oxidation  of  the  iron.  In  a  similar  manner,  when 
copper  is  boiled  in  a  strong  solution  of  chloride  of  cadmium, 
the  diffusive  or  solvent  force  of  chloride  of  copper  may  determine 
its  formation.  Water  saturated  with  chloride  of  cadmium  would 
be  greedy  of  chloride  of  copper,  and  would  yield  the  former 
metal  in  willing  exchange  for  the  latter.  The  Solvent  power  of 
the  cadmic  solution  for  the  cupric  salt  would  exert  a  disposing 
affinity. 

From  the  effect  of  mass. — The  amount  of  evidence  in  favour  of 
the  general  proposition  by  Berthollet,  that  "la  quantite  peut 
suppleer  k  la  force  de  I'affinite  pour  produire  un  meme  degre  de 
saturation,"  is  now  so  great,  as  to  render  it  almost  indisputable. 
It  is  highly  probable  indeed  that,  were  it  not  for  interfering 
circumstances,  if  we  had  the  electro-negative  body  A,  and  the 
metals   B  and  C  in  excess,  A  would  di^ide  itself  in  the  ratio  of 

to    — 17 ,  where  the  tendency  to  form  AB  =  b, 


X  b  -\-  y  c  X  b  +  y  c' 

the  tendency  to  form  AC  =  c,  the  amount  of  B  =  x,  and  the 
amount  of  C  =  y.  It  is  obvious,  however,  that  in  many  cases, 
superficies  rather  than  mass  will  most  influence  the  result.  Mass 
may  possibly  exert  a  considerable  effect  in  the  cases  Avhere  the 
precipitation  of  a  metal  from  its  acid  solution  is  accompanied  by  a 
liberation  of  hydi'ogen.  It  is  not  improbable  that  the  nascent 
hydrogen  may  preferably  reduce  the  metal  wbich  was  originally 
dissolved,  in  consequence  of  the  greater  quantity  of  the  original, 
than  of  the  subsequently  formed  salt.  I  find  also  that  when  a 
piece  of  clean  iron  is  boiled  in  a  solution  of  cadmic  chloride  con- 
taining a  little  cupric  chloride  as  an  impurity,  copper  and  cadmium 
are  simultaneously  precipitated  upon  the  iron  which  thus  becomes 
coated  with  a  species  of  brass.  The  precipitation  of  cadmium, 
however,  despite  its  superior  affinity,  takes  place  to  a  very  much 
greater  extent  than  does  the  precipitation  of  copper,  in  conse- 
quence, I  believe,  of  its  superior  mass.  With  a  strong  solution  of 
cadmium  the  whole  of  the  copper  is  not  precipitated  by  iron,  even 
after  a  somewhat  protracted  ebullition.  Copper  may,  however,  be 
readily  removed  from  a  dilute  soiution  of  cadmium,  by  agitating  it 
with  clean  iron  in  the  cold. 

As  a  result  of  double  decomposition  from  homogeneous  affinity. — 
The  propriety  of  representing  chlorine,  hydrogen,  and  the  metals. 
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as  binary  molecules  CI  CI,  H  H,  M  M,  respectively,  as  advocated 
by  Brodie,  Laurent,  Gerhardt,  and  others,  appears  to  receive 
confirmation   from  the    phenomena   of  the    mutual   precipitation 
of  the    metals.     By    considering  the  precipitation    of  one  metal 
upon    another    as    an    instance,    not    of   single,   but    of   double 
decomposition,  I  was  enabled  to  explain  several  of  the  results 
I   have    already  described.      But,  curiously  enough,   I  find,  not 
only  that  my  explanation  has  been   in  its   general  nature  anti- 
cipated by  Berthollet,  but  that  our  modern  notion  of  the  homo- 
geneous affinity  of  Cu  for  Cu,  Hg  for  Hg,  &c.,  is  described  by  the 
same   author   in  unmistakeable   language.      In    accordance   with 
these  views,  the  precipitation  of  cadmium  upon  copper  may  be 
represented  by  the  equation   Cu  Cu  +  Cd  CI  =  Cu  Cd  +  Cu  CI, 
and  the  decomposition  be  determined  by  the  circumstance  that,  in 
the  conditions  of  the  experiment,  the  sum  of  the  affinities  of  Cu 
for  Cd,  and  of  Cu  for  CI  exceeds  that  of  the  affinities  of  Cu  for 
Cu  and  Cd  for  CI.     Is  there,  however,  any  proof  that  a  cadmide  of 
copper  is  really  formed  ?     We  know  that  an  alloy  differs  greatly 
from  a  mixture  of  two  metals,  in  the  phenomena  of  its  solution  in 
acids.     Thus  an  alloy  of  silver  and  platinum  dissolves  in  nitric 
acid ;  but  with  the  two  metals  in  contact  or  mixture,  there  is  an 
electric  current  generated ;  the  silver  is  dissolved,  and  the  platinum 
is  left.      An  alloy  of  zinc  and  copper  dissolves  in  hydrochloric 
acid ;  but  with  the  two  metals  in  contact  or  mixture,  there  is  an 
electric  current  generated;  the  zinc  is  dissolved,  and  the  copper 
remains.     The  solubility  of  pure  copper  in  hydrochloric  acid,  to 
which  I  have  before  adverted,  is  not  opposed  to  this  result.     Iron 
by  itself  is  readily  soluble  in  hydrochloric  acid,  but  is  not  so  in 
the  presence   of  zinc.     Now  I  find  that  a  piece   of  copper  coated 
with  cadmium,  and  a  coil  of  copper  and  cadmium  foils  rolled  up 
together,  behave  very  diff'erently  when  treated  with  hydrochloric 
acid.     Hydrochloric  acid  of  the  ordinary  strength  was  diluted  with 
a  third   of  its   volume  of  water   and  two   equal  portions  boiled. 
Into  one  of  the  boiling  liquids  was  immersed  the  compound  coil, 
and  into  the  other  the  coated  foil.     In  both  cases  there  was  a 
considerable   evolution   of  hydrogen,   greater,  however,  with  the 
coil  than  with  the  foil.    The  liquid  in  which  the  coil  was  immersed 
remained  perfectly  colourless,  and  even  after  a  lapse  of  several 
hours  had  not  dissolved  a  trace  of  copper.     The  liquid  in  which 
the  coated  foil  was  immersed  became  immediately  green,  and  long 
before  the  cadmium  had  disappeared,  contained  copper  in  very 
considerable  quantities,  thus    proving    that    the   metallic   deposit 
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partook  of  the  characters  of  au  alloy.  lu  this  case  the  solution 
probably  took  place  according  to  the  equation 

Cu  Cd  +  H    CI  +  H   CI  = 
H   H    +  Cu  CI  +  Cd  CI. 

It  might  possibly  have  been 

Cu2  Cd  +  H     CI  +  H  CI  = 
H    H    +  Cu^  CI  +  Cd  CI ; 

but  I  am  inclined  to  think  from  the  instantaneous  development 
of  the  green  colour,  in  circumstances  where  an  absorption  of 
oxygen  would  have  been  diflScult,  that  the  former  equation  is 
correct.  If  the  precipitation  of  one  metal  upon  another  be  really 
due  in  great  measure,  as  I  believe  it  to  be,  to  the  affinity  of  the 
one  metal  for  the  other,  the  general  result  that  I  have  arrived  at, 
namely,  that  if  the  metal  A  can  precipitate  the  metal  B,  the  metal 
B  will  also  precipitate  the  metal  A,  is  sufficiently  accounted  for. 
This  reciprocity,  of  course,  will  not  be  manifested  when  the  ten- 
dency to  form  the  salt  of  the  one  metal  is  very  much  greater  than 
the  tendency  to  form  the  salt  of  the  other  metal. 


Note  on  the  purity  of  the  metals  employed  in  the  above- described  experiments. 

The  pure  silver  was  reduced  from  chloride  of  silver  by  fusion  with  carbonate  of 
soda.  The  pure  copper  was  precipitated  electrolytically,  upon  a  copper  surface,  by 
the  current  of  a  Daniell's  cell.  To  obtain  pure  bismuth,  nitrate  of  bismuth,  after 
several  crystallizations,  was  ignited,  and  the  heated  oxide  reduced  in  a  bulb-tube  by 
a  current  of  hydrogen  gas.  The  hydrogen,  prepared  from  the  reaction  of  zinc  and 
sulphuric  acid,  was  passed  successively  through  a  solution  of  nitrate  of  silver,  through 
a  solution  of  hydrate  of  potash,  and  through  oil  of  vitriol.  33-230  grains  of  oxide  of 
bismuth,  lost  3-445  grains.  This  result  corresponds  very  closely  with  that  obtained 
by  Gmelin : — 


Calculated. 

Lagerhjelm. 

Gmelin. 

Odling. 

Bi     . 

.     213 

89-87 

89-863 

89-67 

89-64 

0 

.       24 

10-13 

10-137 

10-33 

10-36 

The  pure  lead  was  obtained  from  re-crystallized  nitrate  of  lead.  The  salt  was  ignited 
and  fused  before  the  blowpipe  with  carbonate  of  soda.  The  pure  tin  was  obtained 
electrolytically  by  immersing  a  bar  of  tin  into  two  strata  of  liquid,  the  lower  being 
a  solution  of  crj^stallized  stannous  chloride,  the  upper  being  acidulated  water. 
The  pure  antimony  was  obtained  by  incinerating  re-crystallized  tartar-emetic  with 
carbonate  of  soda.  The  cadmium  foil  came  into  my  hands  as  such.  In  its  solution 
I  was  unable  to  detect  the  presence  of  zinc,  or,  with  the  exception  of  a  verj-  minute 
trace  of  iron,  any  other  metal.  The  iron  was  employed  only  in  the  forms  of 
commercial  rolled  iron  and  hard  steel. 
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Trans,  xv.  429. 
Acid,  Hydrobromic. — Decomposition  of  hydrobromicacid  by  aqueous 

potasli  and  by  mercury :   by  M.  Berthelot.     Ann.  Ch.   Phys. 

[3]  xlvi.  492  ;■  J.  Pharm.  [3]  xxix.  333. 
Acid,   Hydrochloric. — On   the   substitution   of  native   sulphate    of 

magnesia  for   sulphuric  acid  in   the  preparation  of  sulphate 

of  soda  and  hydrochloric  acid :   by  S.   de  Luna.     Ann.    Ch. 

Phys.  [3]  xlvii.  176. 
Influence  of  hydrochloric  acid  on  the  precipitation  of  metals  by 

sulphuretted  hvdrogen :  by  M.  Martin.     J.   pr.  Chem.  Ixvii. 

371  ;  Chem.  Gaz.  1856,  311. 
]S"ote  on  the  solubility  of  sulphate  of  baryta  in  hydrochloric  acid: 

by  H.  M.  Koad. '  Chem.  Soc.  Qu.  J.  ix.  15. 
Acid,   Hypogseic. — On    some    decomposition-products    of   hypogseic 

acid:    by    G.    C.    Caldwell   and    A.    Gbssmann.      Ann.     Ch. 

Pharm.  xcix.  305. 
Acid,  Insolinic. — On  insolinic   acid:    by   A.    W.   Sofmann.      Phil. 

Trans.  1856;  Proc.  Eoy.  Soc.  viii.  1;  Chem.   Gaz.,  1856,  17; 

Phil.  Mag.  [4]  xii.  146';  Ann.  Ch.  Pharm.  xcvii.  197;  Chem. 

Soc.  Qu.  J.  ix.  210. 
Acid,  Metliionic. — On   methionic  acid:  by   A.   StrecTcer.     Ann.    Ch. 

Pharm.  c.  199. 
Acid,   Nitric. — Researches    on    the    formation    of   nitric    acid:    by 

S.    de   Ldica.     Compt.    rend.   xli.    1251;    Chem.    Graz.    1856, 

77. 
Contributions  to  the  history  of  nitric  acid,  with  especial  reference 

to  the  valuation  of  nitre :   by  F.  A.  Abel  and  0.  L.  Bloxam. 

Chem.  Soc.  Qu.  J.  ix.  37. 

On  the  action  of  nitric  acid  upon  alcohol  at  ordinary  temperatures  : 

by  S.  Bel  us.     Phil.  Mag.  [4]  xii.  361. 

On   various  tests  for   nitric  acid:    by  G.  Brame.     Compt.  rend. 

xliii.  33. 
On  the  detection  of  nitric  acid   in  the  air:    by  M.   Kletzinsky. 

Chem.  Gaz.  1856,  247. 
Eesearches  on    the  formation   of  nitric   acid :    by   8.   Be  Luca. 

Ann.  Ch.  Phys.  [3]  xlvi.  360;  Compt.  rend,  xliii.  865. 
Acid,  Is^itrohaematic. — Identit}"  of  nitrohsematic  and  picramic  acids: 

by   A.    Girard.     Compt.  rend    xlii.   59;    Chem.    Gaz.    1856, 

90. 
Acid,   Oxalic. — -On  some  reactions  of  oxalic  acid :  by  J.    W.  Slater. 

Chem.  Gaz.  1856, 130. 
■ On  a  peculiar  behaviour  of  oxalic  acid  with  sesquioxide  of  iron : 

by  C.  F.  Schonhein.     J,  pr.  Chem.  Ixvi.  275. 
Acid,  Oxalovinic. — Formation    of  formiate   of  ethyl   from   oxalovinic 

acid:  hj  A.  H.  Church.     Phil.   Mag.  [4]  xi.  527;  Ann.   Ch. 

Pharm.  c.  256. 
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Acid,  Oxyphenic. — On  the  supposed  identity  of  oxyphenic  acid  with 

colourless  hydrochinone :  by  JR.  Wagner.     J.  pr.  Chem.  Ixvii. 

490. 
On  the  presence  of  oxyphenic  acid  in  wood- vinegar:  by  M.  Buchner. 

Ann.  Ch.  Phys.  [3]  xlvi.  377. 
Acid,  Palmitic. — On  the  action  of  potash-lime  on  palmitic  acid,  and 

on  the  natiu-e  of  crude  ethal :    by    W.   Hemtz.      Ann.   Ch. 

Pharm,  xcWi.  271 ;  Chem.  Gaz.  1S56,  222. 
Acid,  Phosphomolybdic. — See  Molyhdenum. 
Acid,  Phosphoric. — On    molybdate    of    ammonia    as    a    test    for 

phosphoric  acid:  by  M.  Becliwnp.     J.  Pharm.  [3]  xxix.  15. 
On  the  quantitative  estimation  of  phosphoric  acid :  by  W.  Beissig. 

Ann.  Ch.  Pharm.  xcviii.  339;  Chem.  Gaz.  1856,  297. 
On  a  new  method  of  determiuing  phosphoric  acid :  by  W.  Knop. 

Chem.  Gaz.  1856,  435,  467. 
Acid,  Picric. — On  the  therapeutic  employment  of  picric  or  carbazotic 

acid,  and  on  its  property  of  colouring  the  skin:  by  MM.  Calvert 

and  Moffat.     Compt.  rend,  xliii.  104  ;  Chem.  Gaz,  1856,  384 ; 

Pharm.  J.  Trans,  xiv.  167 ;  J.  Pharm.  [3]  xxx.  35. 
On  the  detection  of  picric  acid  in  beer:  by  J.  PoJil.     J.  Pharm. 

[3]  xxix.  465. 
On  the  decoloration  of  silk  and  wool  dyed  with  picric  acid  :  by 

a  Pugh.     Chem.  Gaz.  1856,  297. 
Acid,   Eutic. — On    rutic    acid    and   quercitrin:    by    H.    Hlasiwetz. 

"Wien.  Akad.  Ber.  xvii.  375 ;  Chem.  Gaz.  1856,  106 ;  J.  pr. 

Chem.  Ixvii.  97. 
Acid,   Salicvluric. — On    salicyluric    acid:    by    C.    Bertagnini.      H 

NuoVo  Cimento  i.  363  ;*  Ann.  Ch.  Phys.  [3]  xlvii.  178. 
Acid,  Succinic. — On  the  preparation  of  succinic  acid  from  malate  of 

lime:  by  B.  J.  Kohl.     Arch.  Pharm.  cxxxiv.  257  ;  Chem.  Gaz. 

1856,  113. 
Acid,  Sulphuric. — On  the  action  of  sulphuric  acid  on  the  amides  and 

nitriles,  with   remarks    on   the   formation    of  the   conjugate 

sulpho-acids :  by  G.  B.  BucTcton  and  A.  W.  Hofmann.     Phil. 

Trans.  1856 ;    Chem.   Soc.  Qu.  J.  ix.  241 ;    Proc.  Eoy.  Soc. 

%'ii.  544;  viii.  158;  Chem.  Gaz.,  1856,  58. 
On  the  action  of  nitric  oxide  gas  on  anhydrous  sulphuric  acid : 

by  A.  Bruning.     Ann.  Ch.  Pharm.  xcviii.  377  ;  Chem.  Gaz. 

1856,301. 
Deposition  of  arsenious  acid  in  commercial  oil   of  vitriol.      By 

J.  Cameron.     Chem.  Gaz.  1856,  75. 
On  an  improved  method  of  manufacturing  artificial  soda  and  sul- 
phuric acid :  by  E.  Kopp.     Ann.  Ch.  Phys.   [3]  xlviii.  81. 
Processes  for  obtaining  sulphate  of  soda,  soda  and  sulphuric  acid : 

by  L.  Margueritte.     Chem.  Gaz.  1856,  51. 
On  the  preparation  of  chemically  pure  sulphuric  acid:  by  J!  Vorwerk. 

Chem.  Gaz.  1856,  436. 
Acid,    Tannic. — On  the  nature  of  the  tannic  acids:  by  F.  Bochleder. 

Wien.  Akad.  Ber.  xviii.  3  ;  Chem.   Gaz.  1856,  366  ;    J.  pr. 

Chem.  Ixviii.  405. 
Acid   Tartaric. — Note  on  tartaric  acid  ;  by  il£  D?fArw7j/aw<.     Compt. 

rend.  xlii.  192. 
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Acid,   Thioformic. — On  thioformic  acid:    by  H.   Limpricht.     Ann. 

Ch.  Pbarm.  xcvii.  361;  Chem.  Soc.  Qu.  J.  ix.  184;  Ann.  Ch. 

Php.  [3]  xlviii,  117  ;  Chem.  Gaz.  1856,  224. 
Acid,  Uric. — On  tlie  decomposition  of  uric  acid  in  the  animal  body:  by 

C.  Neuhaiier.     Aim.  Ch.  Pharm.  xcix.  206. 
On  the  occurrence  of  inosite,  uric  acid,  &c.,  in  the  animal  body  : 

by  A.  Cloetta.     Ann.  Ch.  Pharm.  xcix.  289 ;  Ann.  Ch.  Phys. 

[3]  xlvi,  369  ;  Chem.  Gaz.  1856,  61. 
Acid,  Toluric. — On   toluric   acid:  by  G.   Kraut.     Ann.  Ch.   Pharm. 

xcviii.  360. 
Acids. — On  the  action  of  pentachloride  of  phosphorus  on  the   fixed 

acids  which  give  rise  to  the  formation  of  pyro-acids :  by  L. 

Bodart.  Compt.  rend,  xliii.  391. 
On  the  behaviour  of  certain   acids  in  the  animal  organism  :  by 

C.   Bertagnini.      xlnn.   Ch.  Pharm.   xcvii.    218 ;  Chem.    Gaz. 

1856,  161. 
On  the  reduction  of  the  nitric   derivatives   of  the   acids   homo- 
logous with  benzoic  acid  :  by  M.  Boullet.     Compt.  rend,  xliii. 

399. 
Xew  acid   extracted  from  a  Mexican  plant,  and   possibly   avail- 
able in  dyeing:  by  M.  Mamon  de  la  Sagra.     Compt.  rend. 

xlii.  873. 
On  a  new  acid  obtained  by  the  oxidation  of  hydrate  of  oil  of  tur- 
pentine :  by  J.  Personne.     Ann.  Ch.  Pliarm.  c.  253 ;  Compt. 

rend,  xliii.  553  ;  Chem.  Gaz.  1856,  371. 
The  diluted  acids  of  the  pharmacopoeias  :  by  Mr.  Squire.     Pharm. 

J.  Trans,  xv.  394  ;  also  by  Mr.  Giles,  ibid.  409. 
Valuation  of  commercial  acids :  by  31.    Violette.     Compt.   rend. 

xliii.  1010. 
Acids,  Fatty. — On   the    pliysiological   action   of  the   compounds   of 

oxide  of  copper  with  the  fatty  acids :  by  W.  La7igenbeck  and 

G.  Staedeler.     Ann.  Ch.  Pharm.  xcvii.  155. 
Acids,  Organic. — On  anew  series  of  organic  acids  containing  nitrogen: 

by  E.  FranJcland.      Proc.  Koyal    Soc.    viii.    198 ;    Ann.    Ch. 

Pharm.  xcix.  342. 
On    the   conversion    of    organic    acids    into    the    corresponding 

aldehydes:  by  B.  Piria.     Ann.  Ch.  Pharm.  c.  104. 
On  the  action  of  chloride  of  sulphur  on  some  salts  of  the  organic 

acids  :  by   W.  Heintz.     Berl.  Akad.  Ber.  1856,  263  ;  Chem. 

Gaz.  1856,  327. 
Acids,  Volatile. — On  the  volatile  acids  produced  in  the  fermentation 

of  diabetic  urine :  bv  C.  Xeuhauer.     Ann.  Ch.  Pharm.  xcvii. 

129 ;  J.  Pharm.  [3]  xxix.  320. 
Acid  Vapours. — On  a  new  mode  of  arresting  the  acid  vapours  which 

escape  from  the  tall  chimneys  of  chemical  manufactories :  by 

C.  and  A.    Tissier.      Compt.   rend.    xli.    1045 ;    Chem.    Gaz. 

1856,  54. 
Aconite. — On  the  distinctive  characters  of  the  roots  of  monkshood 

{Aconitum  napellus)  and  horse-radish  {CocJilearia  armoracia)  : 

by  B.  Bentley.     Pharm.  J.  Trans,  xv.  449. 
On  poisoning  by   aconite:    by  M.   Kosmann.      J.    Pharm.    [3] 

xxix.  36G. 
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Aconitine. — Toxicological  and  pharmaco-dynamical  researches  on 
veratrine  :  by  Dr.  von  Praag.     J.  Pharm.  [3]  xxix.  56. 

Adipocire. — On  adipocire  :  by  G.  Wetherill.     J.  pr.  Cliem.  xlviii.  26. 

Affinity. — On  circumstances  modifying  the  action  of  chemical  affinity : 
by  eT".  H.  Gladstone.  Chem.  Soc.  Qu.  J.  ix.  54. 
I  On  chemical  affinity,  and  the  solubility  of  sulphate  of  baryta  in 
certain  acid  liquors :  by  F.  C.  Calvert.     Proc.  Boy.  Soc.  vii. 
532  ;  Chem.  Gaz.  1856,  55  ;  Phil.  Mag.  [4]  xi.  390. 

On  some  special  affinities.     Memoirs  on  some  new  facts  relating 

to  iodide  of  sUver,  and  the  metallic  fluorides  :    by  H.  Ste.- 
Glaire  Deville.     Compt.  rend,  xliii.  970. 

Agarics. — Chemical  researches  on  poisonous  agarics:  hj  M.  Gobley. 
J.  Pharm.  [3]  xxix.  81. 

Agaricus. — On  the  cause  of  the  phosphorescence  of  ^^flin'cMs  olearius : 
by  M.  Fahre.     Pogg.  Ann.  xcvii.  335  ;  Phil.  Mag.  [4]  xi.  165. 

Agriculture. — Experiments  made  with  a  view  to  determine  the  com- 
parative value  of  peat  and  peat-charcoal  for  agricultural  pur- 
poses :  by  F.  W.  Davy.     Phil.  Mag.  [4]  xi.  172. 

Miscellaneous  notices  from  the  agriculturo-chemical  laboratory  at 

Gottiugen:    by    W.    Wicke.     Ann.    Oh.  Pharm.   xcvii.   344, 
850:— 

I. — On  granat-guano. 

II. — Analysis  of  two  marls  from  the  Liineburg, 
III. — On  the  physiology  of  Chrysoniela  cenea. 
IV. — Analysis  of  the  ash  of  Equisetum  hiemcUe. 
V. — Analysis  of  the  egg-shell  of  the  ostrich. 

Air. — Composition  of  the  air  enclosed  within  the  fruit  of  the  bladder 

senna  {Colutea  arhorescens)  :  by  M.  Baicdrimont,     Compt.  rend. 

xli.  178 ;  J.  pr.  Chem.  Ixvii.  188. 
Determination  of  the  weight  of  a  given  bulk  of  air  :  by  Dr.  Seller. 

Proc.  Eoy.  Soc.  Edinb.  iii.  368. 
.  On  Eegnault's  determination  of  the  weight  of  a  litre  of  air,  and  on 

the  density  of  water  at  0°C.:  by  i?.  Kohlrausch.     Pogg.  Ann. 

xcviii.  178. 
On  the  supposed  existence  of  iodine,  and  detection  of  nitric  acid 

in  the  air :  by  M.  Kletzinshy.     Chem.  Gaz.  1856,  247. 
Pump. — On  certain  modifications  of  tlie  form  of  the  new  double- 
acting  air-pump  with  a  single  cylinder :  by  T.    Tate.     Phil. 

Mag.  [4]  xi.  364. 
Albumin.  —  On  the  preparation  of  htematosin  and  albumin  for  technical 

purposes  :  by  J.    Pillans.     Polyt.   J.    cxl.    298 ;  Chem.  Gaz. 

1856,  390. 
Albuminoid  substances. — Extract  from  a  thesis  on  albuminoid  sub- 
stances, and  their  transformation  into  urea :  by  A.  Bechamp. 

Ann.  Ch.  Phys.  [3]  xlviii.  348. 
Alcohol. — Preparation  of  alcohol  of  40°:  by  ^.  Fegneux.     J.  Pharm. 

[3]  xxix.  58. 
On   alcohol    from    colchicum :    by    31.    Comar.      J.   Pharm.    [3] 

xxix.  47. 
Preparation  of  an  alcoholic  liquor  from   tlie   stems  of  Jerusalem 

artichoke  (Helianthus  tuberosus)  :  by  M.  Decharmes.     Compt. 

rend.  xlii.  4.38. 
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Alcohol. — On  the  action  of  nitric  acid  upon  alcohol  at  common  tempe- 
ratures :  by  H.  Debus.  Phil.  Mag.  [4]  xii.  361. 
On  the  incandescence  of  metal   wires   in   alcoholic   vapour:   by 

IT.  Reinsch.     Phil.  Mag.  [4]  xi.  246. 
On  small  vertical  movements  in  mixtures  of  alcohol  and  volatile 

liquids:  by  P.  Harting.     Pogg.  Ann.  xcvii.  50. 
Note  on  a  compound  of  baryta  and  alcohol :   by  M.  Berthelot. 

Ann.  Ch.  Phys.  [3]  xlvi.  180 ;  Ann.   Ch.  Pharm.  xcviii.  180 ; 

Chem.  Gaz.  1856,  227. 
On  some  products  of  the  oxidation   of  alcohol :   by  S.  Debus. 

Ann.  Ch.  Pharm.  c.  1. 

Pui'ification  of  alcohol.     Pharm.  J.  Trans,  xvi.  330. 

Alcohols. — On  a  new  class  of  alcohols  :  by  A.  Cahours  and  A.  W.Hof- 

mann.     Proc.  Eoy.  Soc.  viii.  33  ;  Chem.  GTaz.  1856,  156 ;  Phil. 

Mag.  [4]  xii.  309  ;  Compt.  rend.  xl.  217 ;  Pharm.  J.  Trans. 

XV.  519. 
On  anisic  alcohol :  by  S.  Cannizzaro  and  C.  Bertagnini.     Ann.  Ch. 

Pharm.  xcviii.  188 ;  Chem.  Soc.  Qu.    J.  ix.   190 ;   Ann.   Ch. 

Phys.  [3]  xlvii.  285  ;  Chem.  Gaz.  ]856,  368. 
On  a  new  alcohol  extracted  from  a  particular  kind  of  whale-oil : 

by  M.  Scharling.     Ann.  Ch.  Pharm.  xcvi.  263  ;  J.  Pharm.  [3] 

xxix.  76. 
Aldehyde. — On  the  crystalline  form  of  aldehyde-ammonia  :  by  C.  Bam- 

melsberg.     Pogg.    Ann.    xcvi.  625  ;   also   by  G.   Seusser,  ibid. 

xcix,  171. 

A  compound    formed  from  aldehyde-ammonia    and   chloride   of 

benzovl :   by  H.    LimpHcht.      Ann.   Ch.    Pharm.  xcix.    119 ; 

Chem"  Soc.'Qu.  J.  ix.  265. 
Aldehydes. — On  a  new  mode  of  formation  of  hydi'ide  of  benzoyle, 

and    on    the    chemical    constitution    of    the    aldehydes :    by 

H.  Kolbe.   Ann.  Ch.  Pharm.  xcviii.  344 ;  Chem.  Soc.  Qu.  J. 

ix.  266. 
Preparation    of  aldehydes   from    the  acids  CjjH^04  :  by  S.  Lim- 

pricht.     Ann.  Ch.  Pharm.  xcvii.   368;  Chem.   Soc.  Qu.  J.  ix. 

87;  Ann.  Ch.  Phys.  [3]  xlviii.  118. 

On  the  transformation  of  certain  acids  into  the  corresponding 

aldehydes :  by  B.  Bir'ia.     II  nuovo  Cimento,  iii.  126.     Ann. 

Ch.  Phys.  [3]  xlvii.  113 ;  Ann.  Ch.  Pharm.  c.  104. 
■  On  the  formation  of  caprylic  aldehyde:  by  J".  Bonis.  Ann.  Ch. 

Phys.  [3]  xlviii.  99  ;  Ann.  Ch.  Pharm.  xcvii.  34. 
Alkalis. — Action   of  alkalis   on    sugar   in   the   animal   economy:    by 

M.  Boggiale.     Compt.  rend.  xlii.  198. 
Action  of  carbonic  acid  on  the  vegetable  alkalis :   by  M.  Langlois. 

Ann.  Ch.  Phys.  [3]  xlviii.  502. 
Alkalies. — Improvements   in  the   manufacture  of  alkalies   and   alka- 
line earths :    {B.  A.   Tilgliman's  patent)   Chem.    Gaz.    1856, 

359. 
Alkaloids. — On  a  new  method  of  extracting  the  alkaloids  contained 

in  nux  vomica,  without  alcohol:  by  J.  Horsley.     Pharm.  J. 

Trans,  xvi.  179. 
Alloy. — Aualvsis  and  preparation  of  an  alloy  for  composition-files:  by 

A.  r'ogel     N,  Jalub.  Pharm.  iv.  138;  Chem.  Gaz.  1856,  54. 

X  2 
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Alloys— On  some  crystalline  alloys :  by  F.  L.  Sonnenschein.    J.  pr. 
Chem.  Ixvii.  168. 

The  manufacture  of  aUoys  or  combinations  of  metals.     J,  Fr.  Inst. 

[3]  xxsii.  191. 

On  the  form  of  an  alloy  of  bismuth  :  by  W.  H.  Miller ;  with  an 

analysis  of  the  alloy  :  by  A.  Dick.     Phil.  Mag.  [i]  xii.  48. 
Aloetine. — Eesearches  on  aloetine :  by  E.  Bohiquet.     J,  Pharm.  [3] 

xxix.  241. 
Aloine. — On  aloine :  by  T.  B.  Groves.     Pharm.  J.  Trans,  xvi.  128. 
Alum. — On  the  chemical  characters  of  red  wines  to  which  alum  has 
been  added  ;  and  application  of  these  characters  to  the  detec- 
tion of  small  quantities  of  this  salt  introduced  into  the  'n"ine : 
by  M.  Lassaigne.     Compt.  rend.  xlii.  410;  Chem.  Gaz.  1856, 
136. 
Alumina. — On  the  preparation  of  alumina :  by  C.  v.  Hauer.     Geol. 
Soc.  Qu.  J.  xii.  pt.  151. 

Analysis  of  a  mixture  of  alumina  and  sesquioxide  of  iron.   J.  Pharm. 

[3]  xxix.  59. 

Action  of  carbonic  acid  on  alumina.     Ann.  Ch.  Phys.  [3]  xlviii. 

502. 
Aluminium. — Supposed  native   occurrence  of  aluminium.      Compt. 
rend.  xii.  412  ;  J.  pr.  Chem.  Ixvi.  470. 

New  mode  of  preparing  aluminium  and  certain  simple  substances, 

metallic  and  non-metaUic :  by  M.  Ste.  Claire  Deville.     Compt. 
rend.  xii.  1053  ;  Chem.  Gaz.  1856,  32. 

On  the  preparation  of  aluminium  :  by  C.  Brunner.     Dingl.  Polyt 

J.  cxl.  357;  Chem.  Gaz.  1856,  .340;  Pogg.  Ann.  xcviii.  488. 

Preparation  of  aluminium  on  the  large  scale.    Compt.  rend,  xliii. 

712. 

On  the  aluminium  prepared  in  Paris.     J.  pr.  Chem.  Ixvii,  493. 

On   the   reduction  of  aluminium  from  cryolite:  by   F.    JVoliler. 

Ann.  Ch.  Pharm.  xcix.  255;  Chem.  Gaz.  1856,  381. 

On  the  preparation  of  sodium  and  aluminium  :  by  H.  Ste.  Claire 

Deville.     Ann.  Ch.  Phys.  [3]  xlvi.  415. 

■  Electric  conductivity  of  aluminium.     Pogg.  Ann.  xcvii.  643. 

On  the  thermo-electrical  position  of  aluminium:  by  W.  Thomson. 

Pogg.  Ann.  xcix.  334.     Also  by  G.  Gore.     Pharm.  J.  Trans. 
XV.  506. 

Preparation  and  properties  of  fluoride  of  aluminium :  by  S.  Ste. 

Claire  Deville.     Compt.  rend.  xlii.  49  ;  Chem.  Gaz.  1856, 101. 

On  the  transformation  of  fluoride  of  aluminium  and  sodium  into 

aluminate  of  soda :  by  C.  Tissier.     Compt.  rend,  xliii.   102  ; 
Chem.  Gaz.  1856,  344. 

On  the  allovs  of  aluminium  :   by  II .  Dehray.     Compt.  rend,  xliii. 

925  ;  Chem.  Gaz.  1856,  463. 
Allyl. — On  allyl  and  the  allylic  ethers  :  bv  MM.  Berthelot  and  De  Luca. 

Ann.  Ch.  Phys.  [3]  xlviii.  286.  ' 
Amides. — On  the  action  of  sulphuric  acid  ou  the  amides  and  nitriles: 
by  G.  V.  BucTcton  and  A.  W.  Rofmann.  Phil.  Trans.  1856  ; 
Chem.  Soc.  Qu.  J.  ix.  241;  Proc.  Eoy.  Soc.  vii.  544;  viii.  158; 
Chem.  Gaz.  1856,  58,  305;  Phil.  Mag.  [4]  xi.  549;  Ann.  Ch. 
Phys.  [3]  xlvi.  366. 
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Amides. — On  the  formulae  of  some  amides  and  ureas,  and  on  the  possi- 
bility of  the  artificial  formation  of  creatine  and  creatinine  :  by 

C.  Weltzien.     Ann.  Ch.  Pharm.  c.  191. 
Eesearches   on   the   amides:    by    G.    Gerhardt    and    L.    Chiozza. 

Ann.  Ch.  Phys.  [3]  xlvi.  129. 
Ammonia. — On  the  behaviour  of  iodide  of  mercury  with  ammonia : 

and  on  a  new  test  for  ammonia :  by  J.  INessler.     Chem.  Gaz. 

1856,  446,  463. 
On  the  preparation  of  gaseous  ammonia  :  by  M.  Vogel.  N.  Eepert. 

Pharm.  iv.  244;  J.  Pharm.  [3]  xxviii,  485. 

Preparation  of  ammonia.     Pharm,  J.  Trans,  xvi.  223. 

On  the  presence  of  ammonia  in  certain  mineral  waters:  by  M.  Bonis. 

Compt.  rend.  xlii.  1269. 
■ Law  of  absorption  for  ammoniacal  gas :  by  L.  Cariiis.     Ann.  Ch. 

Pharm.  xcix.  129. 
On  the  double  compounds  of  cyanogen  with  copper  and  ammonia : 

by  L.  mikenTcamp.    Ann.  Ch.  Pharm.  xcvii.  218;  Ann.  Ch. 

Phys.  [3]  xlvii.  181. 
On  the  ammoniacal  hyposulphate  of  copper,  and  on  the  ammonia 

salts  of  metals  in  general:  by  E.  Schweizer.     J.  pr.   Chem. 

Ixvii.  430. 
— —  A  salt  which  gives  off  ammonia  when  treated  with  hydrochloric 

acid.     Ann.  Ch.  Pharm.  xcvii.  18. 
Observations  on  the  absorption  of  ammonia  and  nitrates  by  cryp- 

togamic  plants :   by  A.   B.   Bineau.     Ann.    Ch.   Phys.    [3] 

xlvi.  60. 
On  the  oxidation  of  the  constituents  of  ammonia  by  porous  media, 

with  some  remarks  on  nitrifaction :  by  C  F.  Sclwnbein.     Phil. 

Mag.  [4]  xii.  457. 
Ammonium. — On  the   ammonium-molecules  of  the   metals:   by    C. 

Weltzien.     Ann.  Ch.  Pharm.  xcvii.   19,  and  c.  108.     Also  by 

G.  Glaus,  ibid,  xcviii.  317. 
Volumetric,  determination  of  ammonia  bv  means   of  silver :  by 

G.  MoTir.     Ann.  Ch.  Pharm.  xcix.  197." 
Amulet. — Analysis  of  a  Babvlonian  cylinder  and  amulet :  by  J.  Sj)iUer. 

Phil.  Mag.  [4]  xi.  107. 
Amyl. — Action  of  chloride  of  mercury  on  iodide  of  amyl:  by  M.  ScJilaff' 

denhaiiffen.     J.  Pharm.  [3]  xxix.  247. 
On  amylophosphoric  acid :  by  F.  Guthrie.     Chem.  Soc.  Qu.  J.  ix. 

134;  Ann.  Ch.  Pharm.  xcix.  57. 
On  the  stibamyls:  by  F.  Berle.     Ann.   Ch.  Pharm.  xcvii.  316; 

Chem.  Soc.  Qu.  J.  ix.  282;  J.  pr,  Chem.  Ixv.  385;  Chem.  Gaz. 

1856,  68, 
On  telluramyl  and  selenmethyl :   by   F.    WoMer   and  J.    Dean. 

Ann.  Ch,  Pharm.  xcvii,  1 ;  Sill,  Am.  J.  [2]  xxi.  245, 
Analysis. — Use  of  bicarbonate  of  baryta  in  analysis.     J.  pr    Chem. 

Ixvii.  10. 
On  the  \ise  of  hyposulphite  of  soda  in  quantitative  analysis  :  by 

R.  VoM.   Ann.  Ch.  Pharm.  xcvi,  237 ;  J.  Pharm.  [3]  xxix.  74. 
Analysis,   Volumetric. — New   method    of    estimating   chlorine    in 

compounds :  bv  C.  MoJir.     Ann.  Ch.  Pharm.  xcvii.  335 ;  Ann, 

Ch.  Phys.  [3]  klvii.  376 ;  Chem.  Gaz,  1856,  174. 
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Analysis,  volumetric. — On  tlie  volumetric  determination  of  ammonia, 
carbonic  acid,  alkaline  and  earthy  carbonates,  nitrogen,  chlo- 
rates, iodates,  bromates,  nitrates,  and  salts  of  vegetable 
acids,  by  means  of  silver :  by  D.  Mohr.  Chem.  Gaz.  1856, 
406. 

■  Volumetric  determination  of  ammonia,  alkaline  and  earthy  car- 

bonates, nitrogen,  chlorates,  iodates,  bromates,  nitrates,  and 
salts  of  vegetable'acids,  by  means  of  silver :  by  C.  Mohr.  Ann. 
Ch.  Pharm.  xcix.  197. 

Annatto. — On  the  adulteration  of  annatto :  by  A.  S.  Hassall. 
Pharm.  J.  Trans,  xv.  295,  323. 

Aniline. — On  the  anilides  of  malic  acid:  by  A.  E.  Arppe.  J.  pr. 
Chem.  Ixvii.  129. 

Animal  Substances. — Preservation  of  animal  substances  by  the 
saturated  aqueous  solution  of  sulphate  of  zinc  :  by  M.  Strauss- 
DtircMeim.     Compt.  rend.  xlii.  808. 

Antimony. — On  the  atomic  weight  of  antimony:  by  S'  Hose.  Berl. 
Akad.  Ber.  1856,  239 ;  J.  pr.  Chem.  Ixviii.  372. 

On  the   atomic   weight  of  antimony :    by   H.  Schneider.     Pogg, 

Ann.  xcvii.  293,  483 ;  Chem.  Gaz.  1856,  163 ;  J.  pr.  Chem. 
Ixviii.  115 ;  Ann.  Ch.  Pharm.  c.  120. 

. On  the  bursting  of  antimony  precipitated  by  galvanic  action :  by 

B.  Bottger.     Pogg.  Ann.  xcvii.  333. 

On  a  method  of  distinguishing  arsenic  spots  from  antimony :  by 

M.  Schdnbein.     J.  Pharm.  [3]  xxix.  316. 

On   various   tests  for   antimony :   by   0.   Brame.     Compt.  rend. 

xliii.  33. 

— —  On  the  electrical  relations  of  lead  and  antimony  in  various  con- 
ducting liquids :  by  O.  Gore.     Pharm.  J.  Trans,  xv.  413. 

New  method  of  assaying  the  sulphides  of  lead  and  antimony : 

by  A.    Levol.     Ann.   Ch.   Phys.   [3]  xlvi.   472;   Chem.   Gaz. 

1856,  353. 
On  antimonial  vermilion :  by  E.  M.  Blessy.    Chem.   Gaz.  1856, 

103. 
On  the  precipitation  of  terchloride  of  antimony  by  water:    by 

E.  Bauclrimont.     Compt.  rend.  xlii.  863;  Chem.  Graz.   1856, 

242  ;  J.  Pharm.  [3]  xxix.  436. 
On  the  formation  of  suboxide  of  antimony,  and  spontaneously 

inflammable  antimoniuretted  hydrogen, by  the  galvanic  process- 

by  B.  Bottger.     J.  pr.  Chem.  Ixviii.  372. 
On  two  new  crystalline  compounds  of  zinc  and   antimony   dis- 
covered by  J.  P.  Cooke,  juu. :  by  ^.  Kenngott.     Pogg.  Ann. 

xcvi.  584. 
On  the  compounds  of  stibamyl :  by  F.  Berle.     J.  pr.  Chem.  Ixv 

385;    Chem.   Gaz.  1856,  68;   Ann.   Ch.  Pharm.   xcvii.  316; 

Chem.  Soc.  Qu.  J.  ix.  282. 
On  the  compounds  of  stibethyl:  bv  W.  Merck.     Ann.  Ch.  Pharm. 

xcvii.  329;  Chem.  Soc.  Qu.  J.'ix.  278. 
On  stibethylium  and  its  compounds:  by  B.  Lowig.     Ann.   Ch. 

Pharm.  xcvii.  329. 
..    ._  On   the    detection   of  antimony  for  medico-legal   purposes :    by 

W.  Odling.     Guy's  Hospital  Eeports,  [3]  ii.  249. 
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Arachins.— On  the  arachins:  by  M.  Berthelot.    Ann.  Ch.  Phys.  [3] 

xlvii.  355. 
Arsenic. — Action  of  the  air  upon  alkaline  arsenites :  J.  Pharm.  [3] 

xxix.  262. 
On  the  chemical  composition  of  some  varieties  of  arsenical  pyrites 

and  arsenide  of  iron :  by  G.  A.  Behncke.      Pogg.  Ann.  xcviii. 

184. 
On  the  preparation  and  properties  of  arsenic  acid :  by  E.  Kopp. 

Ann.    Ch.    Phys.    [3]  xlviii.  106;    Compt.  rend.  xlii.  1060; 

Chem.  Gaz.  1856,  250. 
Deposition  of  arsenious  acid  in   commercial   oil   of  vitriol :   by 

J.  Cameron.     Chem.  Gaz.  1856,  75. 
On  a  method  of  distinguishing  arsenic  spots  from  antimony  spots : 

by  31.  ScTionbein.     J.  Pharm.  [3]  xxix.  316. 
On  molybdate  of  ammonia  as  a  test  for  arsenic  acid :   by  A. 

Bechamp.     J.  Pharm.  [3]  xxix.  15. 

On  various  tests  for  arsenic :  by  C.  Brame.     Compt.  rend,  xliii.  33. 

On  the  occasional  use  of  arsenic  in  the  steeping  of  grain :  by  M. 

BoussingauU.     Ann.  Ch.  Phys.  [3]  xlvi.  458. 
Ash. — On  a  considerable  amount  of  iron  and  manganese  in  the  ash  of 

a  water-plant :  by  E.  v.  Gorup-Besmiez.    Ann.  Ch.  Pharm.  c. 

106. 
Ashes. — Analyses  of  the  ashes  of  malt:  by  H.  Scheven.     J.  pr.  Chem. 

Ixvi.  315. 
• On  the  action  of  lixiviated  ashes  on  fallow-land  :  by  A.  Bohierre. 

Compt.  rend,  xliii,  473. 
New  method  of  preparing  ashes  for  analysis :  by  H.  Hlasiwetz. 

Ann.  Ch.  Pharm.  xcvii.  244. 
Aspidium. — Analysis  of  the  ash  of  the  fronds  of  Aspidium  filix  mas. 

and  A.  filix  fcemina :  by  C  Struchnann.     Ann.  Ch.  Pharm. 

xcvii.  143. 
Azobenzol. — On  azobenzol  and  benzidine:  by  A.  Noble.    Ann.  Ch. 

Pharm.  xcviii.  253. 


B. 

Balsams. — Contributions  to  the  chemical  history  of  the  balsams  which 

occur  in  commerce :  by  JE.  A.  Scharling.     Ann.  Ch.  Pharm. 

xcvii.  68,  155 ;  Ann.  Ch.  Phys.  [3]  xlvii.  385. 
Barium. — On  the   iodides  of  barium  and  strontium:    by  H.  Croft. 

Chem.  Gaz.  1856,  125. 
Bark. — On  the  bark  of  Gail  cedra  {Khaya  Senegalensis)  \  by  B.  Soic- 

beiran.     J.  Pharm.  [3]  xxx.  122. 
Barley. — On  the  growth  of  barley:  by  H.  Scheven.     J.  pr.  Chem. 

Ixvii.  193. 
Barometer. — Note  on  the  construction  of  the  barometer,  and  on  the 

ebullition   of  mercury  in  vacuo:  by  M.   Tawpenot.     Compt. 

rend.  xlii.  1186. 
Bary  t  a. — Note  on  a  compound  of  baryta  and  alchohol :  by  M.  Berthelot. 

Ann.  Ch.  Phys.  [3]  xlvi.  180;  Ann.   Ch.  Pharm.  xcvii.  180; 

Chem.  Gaz.  1856,  227. 
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Baryta. — On  crystallised  hydrate  of  baryta:  by  F.  Mohr.     Pharm.  J. 

Traus.  xvi.  309. 
Ou  tlie  use  of  bicarbonate  of  baryta  in  analysis.     J.  pr.  Chem. 

livii.  10. 
Use  of  hydrate  of  baryta  in  softening  calcareous  waters :  by  E.  H. 

Durden.     Pharm.  J.  Trans,  xv.  352, 
On  the  solubility  of  sulphate  of  baryta  in  certain  acid  liquors :  by 

F.  C.  Calvert.     Proc.  Eov.  Soe.  vii.  532;  Chem.   Gaz.  185G, 

55. 
Note   on   the   solubility  of  sulphate   of  baryta    in   hydrochloric 

acid :  by  H.  M.  Noad.     Chem.  Soc.  Qu.  J.  ix.  15. 
On  the  solubility  of  sulphate  of  baryta  in  nitric  acid :  by  E.  C. 

XicJiolsan  and  B.  S.  Price.     Phil."  Mag.  [4]  xi.  169. 
Eases  Organic. — Eesearches  on  some  new  phosphuretted  bases:  by 

A.    Cahours  and  A.    W.   Hofinann.     Chem.    Gaz.  1856,  10; 

Compt.  rend,  xliii.  1092. 
Belladonna. — Iodine   as   an   antidote  for  poisoning  by  belladonna. 

J.  Pharm.  xxix.  219. 
Beet. — Eesearches  on  the  distribution  of  nitrogenous  matters  in  the 

several  parts  of  the  beet-plant :  by  J.  Pierre.     Compt.  rend. 

xlii.  715. 
Analysis  of  the  residues  of  the  defecation  of  beet-juice,  and  of 

the  potashes  of  beet-molasses :   by  E.  Diicastel.     J.  Pharm. 

[3]  xxix.  292. 
Preservation  of  beet-juice  by  means  of  lime :  by  E.   Maumene. 

Compt.  rend,  xlii.  645. 
Benzidine. — On  azobenzol  and  benzidine:  'hj  A.  Nohle.    Arm.  Ch. 

Pharm.  xcviii.  253. 
Benzoates. — Action  of  chloride  of  sulphiu*  on  benzoate  of  soda:  by 

W.  Heiiitz.     Pogg.  Ann.  xcviii.  458. 
Benzol, — On  benzol  in  coal-gas  :  by  P.  PitschJce.     J.  pr.  Chem.  Ixvii. 

415. 
On  some  new  colouring  matters,  derivatives  of  dinitrobenzol  and 

dinitronaphthaline :    by   A.   H.    Church  and  W.  S.  Perkin. 

Chem.  Soc.  Qu.  J.  ix.  1. 
Benzoyl. — On   some  benzoyl-compounds :   by   Carl   Voit.     Ann.   Ch. 

Pharm.  xcix.  100 ;  Chem.  Soc.  Qu.  J.  ix.  268. 
A   compound   formed    from    aldehyde-ammonia   and   chloride   of 

benzovl :  by   S.   Limpricht.     Ann.    Ch.    Pharm.   xcix.    119  ; 

Chem"!  Soc.  Qu.  J.  ix.  265. 
On   sulphocyanide   of  benzoyl :    by   H.    Lmpricht.      Ann.    Ch. 

Pharm.  xcix.   117 ;  Chem.   Soc.   Qu.  J.   ix.  264 ;  Chem.  Gaz. 

1856,  351. 
On  a  new  mode  of  formation  of  hydride  of  benzoyl,  and  on  the 

chemical  constitution  of  the  aldehydes :  by  H.  Kolhe.     Ann. 

Ch.  Pharm.  xcviii.  344 ;  Chem.  Soc.'  Qu.  J.  ix.  266. 
Biformene. — Xote   on  the   derivatives  of  thymol,  and   on   the  pre- 
paration of  biformene,  a  homolgue  of  marsh-gas :  by  M.  Lalle- 

mand.     Compt.  rend,  xliii.  375  ;   report  by  M.  Pussy,   ibid. 

459. 
Bile. — Eesearches  on  the  biliary  secretion  :  by  ilf.  Ore.     Compt.  rend. 

xlii.  497. 
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Bile. — On  the  conversion  of  the  acids  of  the  bile  into  the  biliary- 
colouring  matter:  by  Frierichs  and  Stddeler.  Chem.  Gaz 
1856,  Ul. 

Experimental  researches  on  the  functions  of  the  mucous  mem- 
brane of  the  gall-bladder,  principally  -svith  reference  to  the 
conversion  of  hepatic  into  cystic  bile :  by  G.  Kemp.  Proc. 
Eoy.  Soc.  \\i\.  133. 

Eesearches  on  the  chemical  nature  and  properties  of  the  fatty- 
matters  contained  in  bile:  by  M.  GoUey.  J.  Pharm.  [3] 
XXX.  241. 

Influence  of  the  obliteration  of  the  vena  porta  on  the  secretion  of 

the  bile,  and  on  the  glycogenic  function  of  the  liver:  by 
M.  Ore.  Compt.  rend,  xliii.  463;  Eemarks  by  M.  Andral,  ibid. 
467. 

Bismuth. — Eesearches  on  bismuth  audits  compounds  :  by  B.  Schneider. 
Ann.  Ch.  Pharm.  xcvii.  192. 

On   the   deportment   of    bismuth    during   solidification:    by   S. 

Schneider.     Phil.  Mag.  [4]  xi.  18. 

On   a   peculiar  property  of  bismuth :    by  H.  Schneider.     3.  pr. 

Chem.  Ixvi.  189  ;  J.  Pharm.  [3]  xxix.  237. 

On  the  determination  of  bismuth  bv  -weight  and  volume :  by  H.  W. 

Pearson.     Phil.  Mag.  [4]  xi.  204. 

On  the  quantitative  separation  of  bismuth  by  means  of  a  solu- 

tion  of  bielu-omate   of  potash :  by   J.   Lowe.     J.  pr.  Chem. 

lx^-ii.  464,  469. 
On  copper-bismuth-glance  from  Wlttichen :  by  B.  Schneider.    Pogg. 

Ann.  xcvii,  476 ;  J.  pr.  Chem.  Ixvii.  205. 
On  the  form  of  an  alloy  of  bismuth :   by   W.  H.  Miller ;  with 

an   analysis    of    the   alloy:    by   A.   hick.      Phil.    Mag.    [4] 

ii.  48. 
On  chloride  of  bismuth  :  by  H.  Base.     J.  pr.  Chem.  Ixvi.  251. 

On  the  chromates  of  bismuth :  by  J.  Loice.     J.  pr.  Chem.  Ixvii 

288,  463. 
On  the  preparation  of  bisulphide  of  bismuth  in  the  -wet  -way  :  by 

B.  Schneider.     Pogg.  Ann.  xcvii.  480. 

On  teriodide  of  bismuth :   by  B.  Schneider.      Pogg.  Ann.   xcix 

470. 
Bleaching. — Improvements  in  bleaching  vegetable  fibres  (J.  Jennings' 

patent).     Chem.  Gaz.  1856,  450. 
Blood. — Chemical  examination  of  the  blood:  by  J".  Scherer.     Chem 

Gaz.  1856,  295. 
On  the  constitution  of  the  blood  of  different  vessels,  particularly 

■with  reference  to  the  amount  of  sugar  contained  in  it :   by 

C.  G.  Lehmann.     J.  pr.  Chem.  Ixvii.  321. 

Eemarks  on  M.  Lehmann's  memoir  on  the  detection  of  sugar  in 

the  blood  of  the  vena  porta ;  by  L.  Figuier.  J.  Pharm.  [3] 
xxix.  96. 

On  the  condition  of  the  oxygen  absorbed  into  the  blood  during 

respiration :  bv  G.  Harley.  Proc.  Eoy.  Soc.  viii.  78  ;  Chem. 
Gaz.  1856,  196. 

Analysis  of  the  blood  of  a  woman  who  died  after  inhaling  chloro- 
form :  by  M.  Jackson.     Compt.  rend.  xlii.  411. 
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Blood. — Presence  of  fluorine  in  tlie  blood:  by  J.  NicTdes.      Compt, 

rend,  xliii.  885. 
Effects  produced  on  the  blood  by  different  vegetable  infusions  :  by 

M.  Le  Clerc.     Compt.  rend.  xlii.  456,  690. 
On  the  detection  of  blood  and  blood-spots  in  judicial  investiga- 
tions :  by  H.  Rose.     J.  Pharm,  [3]  xxviii.  436. 
On  the  detection  of  sugar  in  the   blood  of  the   vena  porta :  by 

C.  G.  Lelimann.     J.  Pharm.  [3]  xxviii.  449.     Eemarks  by  G. 

Bernard,  ibid. ;  also  by  i.  Figuier,  ibid.  xxix.  96. 
Boiling   Point. — See  Heat. 
Bones. — On   the   solubility   of  bones   in   water.      Ann.  Ch.   Pharm. 

xcviii.  143  ;  Chem.  Gaz.  1856,  203. 
Presence   of  \dvianite  in  interred  human  bones :  by  J.  Nichles. 

J.  Pharm.  [3]  xxix.  94  ;  Compt.  rend.  xh.  169. 
On  the   superphosphate   of  decomposed   bones :    by    W.    Wiche. 

Ajin.  Ch.  Pharm.  xcix.  97  ;  Chem.  Gaz.  1856,  333. 
Borates. — On   borate   of  ethyl:    by   H.   Rose.      Pogg.    Ann,    xcviii. 

245. 
Boron. — Memoir  on  boron:  by  F.   Woliler  and  S.  Beville.     Compt. 

rend,  xliii.  1088. 
Brain. — Quantitative  examination  of  the  softened  brain  of  a  child:  by 

J.  Selilossherger.     J.  pr.  Chem.  Ixviii.  59. 
Bread. — On  bread  and  its  preparation :  by  M.  Mege-Mouries.     Compt. 

rend.  xHi.  1122. 
On  bread  made  of  a  mixture  of  corn  and  rice :  by  M.  Girardin. 

J.  Pharm.  [3]  xxx.  101. 
On  the  causes  of  an  accidental  colouring  in  bread ;  by  M.  Poggiale. 

J.  Pharm.  [3]  xxx.  96. 
On  the  examination  of  flour  and  bread :  by  L.  F.  Bivot.     Compt. 

rend.  xlii.  633 ;  Ann.  Ch.  Phys.  [3]  xlvii.  50. 
Bromates. — Yolumetric  determination  of  bromates  by  silver:  by  C. 

Mohr.     Ann.  Ch.  Pharm.  xcix.  197. 
Bromine. — On  the   boiling   points  of  analogous  bromine    and  chlo- 
rine  compounds:    by   H.    Kojpp.      Ann.    Ch.   Pharm.   xcviii 

265. 
On  the  bromide  of  titanium :  by  F.  B.  Duppa.     Proc.  Eoy.  Soc. 

viH.  42;   Chem.   Gaz.  1856,  138;   Phil.  Mag.  [4]  xii.  232; 

Ann.  Ch.  Phys.  [3]  xlvii.  164 — Eemarks  by  BL.  Kopp,  ibid. 

160. 
On  the  bromide  of  titanium :  by  A.  W.  Hofinann.     Compt.  rend. 

xlii.  352 ;  Ann.  Ch.  Pharm.  xcvii.  510. 
Bronze. — Analysis  of  bronze:  by  G.  B.  Hambly.     Chem.  Gaz.  1856, 

216. 
Composition  of  the  bronze  of  statuettes  found  at  the  Serapeum : 

by  M.  Glievreul.     Compt.  rend,  xliii.  733.  989. 
Brucine. — On   the   action   of  iodide   of  ethyl   on   brucine:    by  Dr. 

Gunning.     J.  pr.  Chem.  Ixvii.  46. 
Building  Materials. — On  the  materials  adapted  for  marine  buildings : 

by  MM.  Ghataney  and  Bivot.     Compt.  rend.  xlii.  1119 ;  xliii. 

373. 
Butter. — Determination  of  butter  in  milk:  by  M.  Marchand.     Chem. 

Gaz.  1856,  253. 
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Byssus. — On  the  shells  of  the  mollusca,  the  byssus,  and  the  chitin 
question :  bv  J .  Scldossherger.  Ann.  Ch.  Pbarm.  xcviii.  99 ; 
Chem.  Gaz/l856,  327. 


C. 

Cadmium. — On  some  new  salts  of  cadmium,  and  the  iodides  of  barium 

and  strontium :  by  H.  Croft.     Chera.  Gaz.  1856,  121. 
On  some  new  compounds  of  chloride  of  cadmium :  by  Karl  v.  Hatter. 

"Wien.   Akad.  Ber.   xvii.  331;    Chem.   Gaz.   1856,  1;   J.  pr. 

Chem.  Ixvi.  176  ;  Ixviii.  385. 
■    ■      On   the  quantitative   separation   of  bismuth   from   cadmium  by 

means  of  a  solution  of  bichromate  of  potash :  by  J.  Lowe.     J. 

pr.  Chem.  Ixvii.  469. 

On  cadmium-ethyl :  by  J.  A.   WanMyn.     Chem.  Soc.  Qu.  J.  ix. 

'  193. 
On  some  new  compounds  of  cadmium  :  by  Karl  v.  Saner.    Wien. 

Akad.  Ber.  xx.  40 ;  Chem.  Gaz.  1856,  466. 
Caffein. —  Xew  method  of  preparing  caffein:  by  Jl/]  Fuccetti.     Arch. 

Pharm.  ixxxiv.  199  ;  Chem.  Gaz.  1856,  50. 
Calomel. — On  the  preparation  of  calomel  from  corrosive  sublimate  by 

means  of  sulphurous  acid  :  by  F.  Sartorius.     Ann.  Ch.  Pliarm. 

xcvi.  335. 
Camphor. — On  the  Bornean  camphor  extracted  from  madder-alcohol : 

by  M.  Jeanjean.     Compt.  rend,  xliii.  103. 
Caoutchouc. — On  the  Hancornia  speciosa,  artificial  gutta  percha,  and 

caoutchouc :  by  Jtf.  Clausse^i.     J.  Pharm.  [3]  xxix.  130. 
On  the   elasticity   of   vulcanised    caoutchouc ;    by    M.   Boileau. 

Compt.  rend.  xlii.  933. 

Caoutchouc  stoppers.     J.  pr.  Chem.  Ixvii.  170. 

Yidcanised  caoutchouc.     Pharm.  J.  Trans,  xvi.  331. 

Capillaritv. — On  capillarv  phenomena:  by  E.  Dessains.     Compt.  rend. 

xiiii.  1077. 
Capryl. — On  the  formation  of  eaprylic  aldehyde:  by  J.  Bonis.     Ann. 

Ch.  Phys.  [3]  xlviii.  99 ;  Ann.  Ch.  Pharm.  x'cvii.  34. 
Carbon. — On  crystallised  carbon  and  silicium  :  by  H.  Ste-Claire  Deville. 

Compt.  "rend.  xlii.  49;  Chem.  Gaz.  1856,  101. 
On   the   manufacture  of  charcoal  powder  in   cylinders,  and  the 

preparation  of  it  by  over-heated  steam :  by  Lieut.  Kohl.     J. 

pr.  Chem.  Ixdi.  385. 
Experiments  made   with   a   view  to   determine   the   comparative 

value  of  peat  and  peat-charcoal  for  agricultural  purposes ;  by 

F.  W.  Davy.     Phil.  Mag.  [4]  xi.  172. 
Chemical  composition  of  mineral  charcoal :  by  T.  H.  Fowney.     Ed. 

N.  Phil.  J.  (N.  S.)  ii.  141. 
On  the  action  of  nascent  hydrogen  on  sulphide  of  carbon :    by 

A.  Girard.     Compt.  rend,  xliii.  396. 
On   the  use  of  sulphide  of  carbon  for  industrial  purposes  :    by 

F.  Deiss.     Compt.  rend.  xlii.  207;  Chem.  Gaz.  1856,  136. 
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Carbonates. — Volumetric  determination  of  alkaline  and  earthy  car- 
bonates  by  silver:    by    C.   Molir.      Ann.    Ch.    Pbarm.   scix. 

197. 
Examination  of  certain  spatbic  carbonates — pistomesite,  pearlspar, 

tautoclin,  and  brownspar:  by  Dr.  Ettling.     Ann.  Ch.  Pharm. 

xcix.  202. 
Carbonic    Oxide. — B/Csearches   on  the    relations   between    carbonic 

oxide  and  formic   acid :    by   M.  Berthelot.     Ann.  Ch.   Phys. 

[3]  xlvi.  477 ;  Compt.  rend.  xli.  955 ;  Ann.  Ch.  Pharm.  xcvii. 

125;  Chem.  Gaz.  1856,  9 ;  J.  Pharm.  [3]  xxix.  321. 
Carburetted  Hydrogen. — Emission  of  carburetted  hydrogen  from 

the  soil.     Compt.  rend.  xli.  410 ;  J.  pr.  Chem.  Lxvi.  470. 
Caroba. — On  caroba  leaves  and  some  products   from   Paraguay:   by 

M.  Eeveil.     J.  Pharm.  [3]  xxix.  416. 
Casein. — Formation  of  casein  by  the  putrefaction  of  fibrin:   by  I>r. 

Gunning.     J.  pr.  Chem.  IxAii.  52. 
Casein-cement :  bv   B.    Wagner.     Polvt.  J.  cxi.   301 ;  Pharm.  J, 

Trans,  xvi.  223  ;  Chem.  Gaz.  1856,'  392. 
Catalytic   Eorce. — Extract    from   a    memoir    on   bodies   which   are 

decomposed  under  the   influence   of  the   so-called    catalytic 

force:  by  MM.  Thenard,  Sen.  and  Jim.     Ann.  Ch.  Phys.  [3] 

xlvii.  173. 
Catechu. — On  catechu  and  its  acids;    by   C.  Nevhauer.      Ann.   Ch. 

Pharm.  xcvi.  337;  Chem.  Gaz.  1856,  126;  J.  pr.  Chem.  Ixvii. 

257  ;  J.  Pharm.  [3]  xxx.  216. 
Caterpillars. — Crystals  in  the  malpighian  vessels  of  caterpillars:  by 

J.  Schlossherger.     Ann.  Ch.  Pharm.  xcviii.  354. 
Cereals. — Eesearches  on  the  cereals:  hy  M.  Buvivier.     Compt.  rend. 

xlii.  1173. 
Charcoal. — See  Carbon. 
Chemical  manufactures.— 'On  ameliorations  in  the  hygiene  of  chemical 

manufactures :  by  M.  Kulihnann.     J.  Pharm.  [3]  xxx.  381. 
Chervil. — On  the  fleshy  root  of  bulbous  chervil  {Chceropyllum  hulhosum) : 

by  M.  Payen.     Compt.  rend,  xliii.  769. 
Chicory.— I^ew  method  of  examixung  mixtures  of  chicory  and  coffee: 

by  J.  Horsley.     J.  Pharm.  [3]  xxix.  286. 
Chinoline. — Eesearches  on  chinoline  and  its  homologues :  by  C.  G. 

Williams.     Ed.  Phil.  Trans,  xxi.   Pt.  3;   Chem.   Gaz.  1856, 

261 ;  abstr.  Proc.  Eoy.  Soc.  Edinb.  iii.  370. 
Chitin. — On   the  chitiu  question:    by   /.    Schlossherger.      Ann.   Ch. 

Pharm.  xcviii.  99 ;  Chem.  Gaz.  1856,  330. 
Chlorates. — Volumetric    determination   of    chlorates   by   silver:    by 

a  MoJir.     Ann.  Ch.  Pharm.  xcix.  197. 
Chlorides. — On  the  action  of  metallic  chlorides  on  iodide  of  lead:  by 

A.  Engelliardt.    J.  pi'.  Chem.  Ixvii.  293 ;  Chem.   Gaz.  1856, 

24. 
On  the  reduction  of  some  oxides  and  chlorides  by  glucose  :   by 

E.  Bottger.     J.  Pharm.  [3]  xxix.  479. 

On  chloride  of  bismuth :  by  H.  Bose.     J.  pr.  Chem.  lxvi.  251. 

On  some  new  compounds  of  chloride  of  cadmium :  by  Karl.  v. 

Haiier.     Wien.  Akad.  Ber.  xvii.  331 ;    Chem.  Gaz.  1856,  1  ; 

J.  pr.  Chem.  lxvi.  176  ;  Ixviii.  385: 
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Chlorides. — On  the    behaviour  of  solution   of  chloride  of  mercary 

with  bases :  by  H.  Rose.     Berl.  Akad.  Ber.  1855,  579 ;  Chem 

Gaz.  1856,  19. 
Action  of  chloride  of  mercury  on  the  iodides  of  methyl,  ethvl,  and 

amyl :  by  M.  Schlagdenhauffen.     J.  Pharm.  [3]  xxix.  247. 
On  the  action  of  pentachloride  of  phosphorus  on  the  fixed  acids 

which  give  rise  to  the  formation  of  pyro-acids :  by  L.  Bodart. 

Compt.  rend,  xliii.  391. 
On  the  action  of  chloride  of  sulphur  on  formiate  of  baryta,  acetate 

of  soda,  and  benzoate  of  soda :  by   W.  Heintz.     Pog^.  Ann. 

xcviii.  458;  Berl.  Akad.  Ber.  1856,  263;   Chem.  Gaz.  1856 

327. 
Double  salt  of  chloride  of  potassium  with  biniodate  of  potash :  by 

C  Eummehherg .     Pogg.  Ann.  xcvii.  92. 
On   the   compounds   of  tetramethylammonium   with  iodine   and 

chloride    of   iodine:    by    C.    Weltzien.      Ann.    Ch.    Pharm. 

xcix.  1. 
Chloride  of  Lime. — See  HypoMorites. 
Chlorine. — Improvements   in  the    manufacture   of   chlorine    (C.    T. 

Dunlop's  patent).     Chem.  Gaz.  1856,  200. 
Xew  volumetric  method  of  estimating  chlorine  in  compounds :  by 

C.  MoJir.     Ann.  Ch.  Pharm.  xcvii.  335 ;  Ann.  Ch.  Phys.  [3] 

xlyii.  375  ;  Chem.  Gaz.  1856,  174. 
Quantitative   estimation   of  chlorine   in   chlorine-water:    by    W. 

WicJce.     Ann.  Ch.  Pharm.  xcix.  99. 
On  the  action  of  light  on  chlorine-water :    by   W.   C.   Wittwer. 

Pogg.  Ann.  xcvii.  304. 
On  the  effect  of  chlorine  in  colouring  the  flame  of  burning  bodies  • 

by  Z>.  Forles.     Phil.  Mag.  [4]  xi.  65. 
On   the  boiling  points  of  analogous  bromine  and  chlorine  com- 
pounds :  by  JS.  Kopp.     Ann.  Ch.  Pharm.  xcviii.  265. 
On  the    solution  of  chlorine  in  water :  by  H.  E.  Eoscoe.     Ann 

Ch.  Phys.  [3]  xlviii.  197. 
Chloroform. — On   the   action   of   chloroform   on   other   bodies,   and 

especially  on   ammonia:  by    W.    Heintz.     Wien.  Akad.  Ber 

1856,  61;  Chem.   Gaz.   1856,  245.     J.  pr.  Chem.  Ixriii.  56; 

Pogg.  Ann.  xcviii.  263. 
Analysis  of  the  blood  of  a  woman  who  died  after  inhaling  chlo- 
roform: by  M.  Jackson.     Compt.  rend.  xlii.  411. 
On  ether  as  an  antidote   to  chloroform :  by  JM.  Falre.     Compt. 

rend,  xliii.  193.     Beport  by  M.  C'loq2iet,'ihid,  353. 
Chlorophyll. — On  the  absorptive  power  of  pure  and  impure  chloro- 
phyll for  the  sun's  rays:  by  P.  Sarting.    Pogg.  Ann.  xevi.  543. 
Chromium. — -The  mutual  action  of  chromic  acid  and  the  volatile  oils : 

by  J.  P.  Fhimmer.     Pharm.  J.  Trans,  xvi.  130. 
On  the  chromates  of  bismuth :  by  J.  Lowe.     J.  pr.  Chem.  Ixvii. 

288,  463. 
On  tlie  quantitative  separation  of  bismuth,  by  means  of  a  solution 

of  bichromate  of  potash  :    by  J.  Lbive.     J.  pr.   Chem.  Ixvii. 

464,  469. 
'N'ote  on  some  new   reactions   of  sesquioxide   of  chromium :  by 

G.  Chancel.     Compt.  rend,  xliii.  927;  Chem.  Gaz.  1856,  454. 
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Chromium. — Action  of  carbonic  acid  on  sesquioxide  of  chromium  :  by 

M.  Langlois.     Ann.  Ch.  Phys.  [3]  xlviii.  502. 
Chrysomela. — Contribution  to  the"  physiology  of  Clirysomela  tenea: 
by  W.  Wicl-e.     Ann.  Ch.  Pharm.  xcvii.  348. 

Cinnamyl. — On  the  artificial  formation  of  hydride  of  cinnamyl:  by 
L.  Chiozza.     Ann.  Ch.  Pliarm.  xcvii.  350. 

Citrates. — A  salt  which  gives  oft"  ammonia  when  treated  with  hydro- 
chloric acid.     Ann.  Ch.  Pharm.  xcvii.  18. 

Cleavage. — On  slaty  cleavage,  as  exhibited  in  the  Devonian  lime- 
stones of  Devonshire :  by  H.  C.  Sorly.  Phil.  Mag.  [4] 
xi.  20. 

Comparative  view  of  the  cleavage  of  crystals  and  slate  rocks:  by 

J.  Tyndall.     Pharm.  J.  Trans,  xvi.  237. 

Coal. — On  the  coal  and  lignite  of  Austria :  by  F.  Leeland.  "VVien.  Geol. 
Jahrb.  ii.  609. 

On  the  Cuttack  coal  of  Taleheen.     Asiat.  Soc.  J.  1855,  240. 

On  the  coal  from  Eassitz  :  by  G.  D.  Hauer.     "Wieu.  Geol.  Jahrb. 

1855,  139. 

Purification  of  coal :  A.  Berard.     Ann.  Min.  [5].  ix.  147. 

On  some  of  the  products  of  the  distillation  of  Boghead  coal  at 

low   temperatures :    by   C.    G.    Williams.      Proc.   Eoy.   Soc. 
viii.  119. 

On   the   nature  of  the  distillation-products  of  the   Torbane-hill 

mineral :    by   A.    Geutlier.     Ajin.    Ch.    Pharm.    xcvii.    277 ; 
Chem.  Gaz.'l856,  272. 

Cobalt. — Contributions  to  the  chemical  history  of  the  cobalt  com- 
pounds :  by  P.  Schicarzenberg .  Ann.  Ch.  Pharm.  xcvii.  211 ; 
Chem.  Gaz.  1856,  146. 

Cobalt-green  :  by  R.  Wagner.     Pharm.  J.  Trans,  xv.  223. 

Cocoa. — On  the  nutritive  properties  of  the  mass  which  remains  after 
the  expression  of  nuls  of  cocoa,  &c.  :  by  W.  Hamilton. 
Pharm.  J.  Trans,  xv.  350. 

Coffee. — Chemical  report  on  the  mode  of  detecting  vegetable  sub- 
stances mixed  with  cofiee  for  the  purpose  of  adulteration :  by 
T.  Graham,  J.  Stenhouse,  and  D.  Gamplell.  Chem.  Soc. 
Qu.  J.  ix.  33. 

New   method  of  examining  mixtures  of  chicory  and  cofiee :  by 

J.  Horsley.     J.  Pharm.  [3]  xxix.  286. 

Colchicine. — On  colchicine  :  by  M.  Oherlin.     J.  Pharm.  [3]  xxx.  341. 

Colchicum. — On  the  fecula  and  alcohol  of  colchicum:  by  M.  Comar. 
J.  Pharm.  [3]  xxix.  47. 

Poisoning  by  colchicum.     Eeactions  of  colchicine  :  by  M.  Casper. 

J.  Pharm.  [3]  xxvii.  133. 

Collodion. — On  collodion:  by  L.  Sofmann.  Arch.  Pharm.  cxxxviii. 
146;  Chem.  Gaz.  185(3,  383. 

On  the   methods   of   preserving  the    sensitiveness   of   collodion 

plates :    by   J.    Spiller   and    W.    CrooJces.      Phil.    Mag.    [4] 
xi.  334. 

Colorimeter. — Improved  colorimeter  :  by  J!  W.  Slater.  Chem.  Gaz. 
1856,  89. 

On  the  complementary  colorimeter  :  by  A.  Muller.     J.  pr.  Chem. 

Ixvi.  193. 
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Colour. — On  some  new  colouring  matters,  derivatives  of  dinitrobenzol, 

dinitronaphthaliue,  &c. :  by  A.  H.  Church  and  W.  H.  Perkin. 

Chem.   Soc.  Qu.  J.  is.   1 ;    abstr.  Proc.  Eoy.  Soc.   viii.  48 ; 

Chem.  Gaz.  1856,  139. 
Theoretical  and  practical  researches  on  the  fixation  of  colours  in 

dyeing :    by    F.    Kuhlmann.      Compt.    rend.   xlii.    673,   711  ; 

Chem.  Gaz.  1856,  193,  217. 
On  the  solubility  of  the  colouring  matter  of  madder  in  water, 

between  100'  and  150^  C.  :  by  F.  Plessy  and  P.  Schutzenherger. 

Compt.  rend,  xliii.  167 ;  Chem.  Gaz.  1856. 
Simple  process  for  impartiug  a  deep  red  colour  to  bone,  ivory,  &c. 

by  P.  Pottger.     J.  pr.  Chem.  Ixviii.  367. 
Xote  on  a  green  dve  from  China :  by  Z>.  Haribury.     Pharm.  J. 

Ti-ans.  xvi.  213.  " 
On  the  action  of  tin  on  the  blue  colour  of  violets  :  by  M.  Argillis. 

J.  Pharm.  [3]  xxx.  194. 
On  a  colouring  matter  extracted  from   the  scarlet  monarda  (^Mon- 

arda  diclyma,  Linn.) :    by  M.  Pelhomme.     Compt.  rend,  xliii. 

382. 
On  a  new   acid   extracted  from  a  Mexicau  plant,  and   possiblv 

available  in  dyeing  :  by  M.  Ramon  de  la  Sagra.     Compt.  rend. 

xlii.  873. 

On  the  manufacture  of  Paris  blue :  by  Cr.  P.  Hahich.  Polytechn.  J, 

cxxxviii.  295 ;  Chem.  Gaz.  1S56,"357. 
Note  on  the   ods  used   in   the  preparation   of  Turkey   red :  by 

M.  Pelouze.     Letter  of  ALUf.  Henry  on  Turkey  red.     Compt. 

rend.  xlii.  1196. 
On  Einman's  green  :    by  P.    Wagner.      Kunst   and  Gewerbebl. 

f.  Bayern,  1856,  83  ;  Chem.  Gaz.  1856,  392. 
On  the  fixation  of  colours  in  dveing  :  by  M.  Kuhlmann  ;  (3rd  part.) 

Compt.  rend,  xliii.  9p0,  950. 

Lake  colours.     Pharm.  J.  Trans,  xvi.  331. 

Concretions. — Concretions  from  the  Bojanian  organ :  by  J".  Schloss- 

herqer.     Ann.  Ch.  Pharm.  xcviii.  354. 
Examinations    of  certain   concretions   found   in   the    stomach    of 

young    chickens :    by   MM.    Girardin   and  Mallranche.      J. 

Pharm. [3]  xxx.  92. 
Conjugated  compounds. — Remarks   on   some   physical  properties   ol 

conjugated  compounds  :  by  M.   Perthelot.     Ann.    Ch.    Phys. 

[3]  xlviii.  322. 
Contact-action. — On  some  phenomena  relating  to  contact-action  :  by 

C.  F.  Schdnhein.     J.  Pharm.  [3]  xxix.  365. 
Copper. — Contributions  to  the   metallurgy   of  copper:    by   A.  Pick. 

Phil.  Mag.  [4]  xi.  409. 
On   the   metallurgic    treatment   of  the   grey   copper   ore    of  the 

Stephanhiitte  works  in  Hungary :  by  J.  Juhos.     Ann.  Min. 

[5]  vii.  53. 
• History  and  description  of  the  ores  and  foundries  of  lead,  copper, 

and  silver  of  Lozere.     Ann.  ]\Iin.  [5],  vii.  1;  \-iii.  351. 
On   the   copper   ores  of  Pashak   and   Mahaldiram.     Asiat.    Soc. 

J.  1855,  251. 
On  copper-bismuth  :  by  E.  Toiler.     J.  pr.  Chem.  Ixvii.  205. 


320  TITLES   OF   CHEMICAL   PAPERS 

Copper. — Method   of  detecting    very    small  quantities    of  lead   and 
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On  the   crystalline   forms   of  certain   chemical   compounds :   by 

W.  Kejferstein.     Pogg.  Ann.  xcix.  275. 
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On  the  movement  of  floating  crystals  of  certain  organic  acids : 

by  A.  Scha/arik.     A\  ien.  Geol.  Jahrb.  1855,  263. 
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Preparation  of  peroxide  of  lead  by  means  of  ferrocyanide  of  potas- 
sium :  by  A.  Overheck.     Arch.  Pharm.  Ixxxvi.  5 ;  Phil.  Mag. 
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the  aid  of  the  pancreatic  juice :  by  M.  Colin.     Compt.  rend. 
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On  the  development  of  electricity  by  friction :  by  E.  Becqiierel. 
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Pharm.  xcix.  64. 
Electrolytical  investigations :  by  O.  Magnus.     Phil.  Mag.  [4]  xii. 
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Ethal. — On  the  nature  of  crude  ethal:   by    W.  Heintz.     Ann.   Ch. 

Pharm.  xcvii.  271 ;  Chem.  Gaz.  1856,  222. 
Etber. — On  ether  as  an  antidote  to  chloroform  :  by  M.  Fahre.     Compt. 

rend,  xliii.  193.     Report  by  M.  Claquet.     Ibid.  353. 
On  a  new  mode  of  formation  of  common  ether  and  its  homologues  : 

by  A.  Wurtz.     Ann.  Ch.  Phys.  [3]  xlvi.  222. 
Kesearches   on  the  formation  of  ether:   by   A.  Reynoso.     Ann. 

Ch.  Phys.  [3]  xlviii.  385. 
— —  On  allyl  and  the  allylic  ethers  :  bv  MM.  Berthelot  and  De  Luca. 

Ann.  Ch.  Phys.  [3]  xlviii.  286.' 
Etherification. — Facts  relating  to  the  history  of  etherification :    by 

A.  Beynoso.     Compt.  rend.  xlii.  686,  1070 ;  Chem.  Gaz.  1856, 

208 ;  J.  Pharm.  [3]  xxx.  37. 
On  sweet  oil  of  wine  and  the  secondary  products  of  etherification : 

by  C.  Blondeau.     J.  Pharm.  [3]  xxix..249. 
Ethers.^ — Note  on  tlie  production  of  formic  ether:  by  A.  H.  Ohurck. 

Phil.  Mag.  [4]  xi.  527. 
Process    for     preparing    hydriodic    ether :     by     E.     Soubeiran. 

J.  Pliarm.  [3]  xxx.  5. 
On  sweet  spirits  of  nitre :  by  D.  JR.  JBromi.     Phai^m.  J.  Trans. 

XV.  400. 
Ethyl. — On  borate  of  ethyl :  by  H.  Hose.     Pogg.  Ann.  xcviii.  245. 
On   cadmium-ethyl :   by  J.    A.    Wanhlyn.      Chem.    Soc.   Qu.    J. 

ix.  193. 
On    cyanide  of  ethyl,   and  a  new   mode  of  formation   of  ethyl- 

amine :   bv  E.  Meyer.     J.  pr.  Chem.  Ixviii.  279;   Chem.  Gaz. 

1856,  387'! 
— —  Action  of  chloride  of  mercury  on  iodide  of  ethyl :  by  M.  ScJilagdcn- 

liauffen.     J.  Pharm.  [3]  xxix.  247. 
On  the  compounds  of  phosphorus  with  ethyl:  by  F.  Berle.     Ann. 

Ch.  Pharm.  xcvii.  334. 
On   the   compounds    of    stibethyl :    by    W.    Merck.      Ann.   Ch. 

Pharm.  xcvii.  329 ;  Chem.  Soc.  Qu.  J.  ix.  278. 
On  stibethylium  and  its  compounds :   by  R.  Lowig.      Ann.  Ch. 

Pharm.  xcvii.  329. 
Productio]!  of  formiate  of  ethyl  from  oxalovinic  acid :  by  A.  H. 

Church.     Phil.  Mag.  [4]  xi."527  ;  Ann.  Ch.  Pharm.  c.  256. 
Ethyl  amine. — On    some   compounds   of   ethylamine :    by  E.   Meyer. 

J.  pr.  Chem.  Ixvii.  147 ;  Chem.  Gaz.  1856,  206. 
On    some    compounds   of   ethjlamine :    by    F.    L.   Sonnenschein. 

J.  pr.  Chem.  Ixvii.  147. 
Ethylene. — On  some  compounds  of  ethylene:  by  H.  L.  Buff.     Proc. 

Roy.  Soc.  vii.  188. 
Preliminary  notice  on  sulphocyanide  of  ethylene:  by  H.  L.  Buff. 

Ann.  Ch.  Pharm.  xcvi.  302  ;  J.  Pharm.  [3]  xxix.  159. 
Etliyloiuiphthylam  ine.  —  On  etliykmaphtliy (amine  :  by  H.  Liinpricht. 

Ann.  Ch.  Pharm.  xcix,  1 17  ;  Chem.  Soc.  Qu.  J.  ix.  264  ;  Cliem. 

Gaz.  1  S56,  332. 
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Extracts. — On  vegetable  extracts:  by  T.  Southall.     Pharm.  J.  Traua. 

XV.  350. 
Eye. — On  the    composition  of  the   eyes   of   Peruvian   mummies:    by 

M.  Fayen.     Compt.  rend,  xliii.  707. 


P. 

Eats. — Chemical  history  of  the  fats:  by  W.  Heintz.     Pharm.  J.  Trans, 

XV.  425. 

Eats  and  oils.     Pharm.  J.  Trans,  xvi.  332. 

Researches  on  the  chemical  nature  and  properties  of  the  fatty 

matters  contained  in  bile  :  by  M.  Gohley.    J.  Pharm.  xxix.  241. 
On  the    nature    of  the    grease  in  the    wool   of  the    sheep :    by 

M.  Chevrexil.     Compt.  rend,  xliii.  130 ;  Chem.  Gaz.  1856,  343. 
On    the    assimilative    properties    of  various    fatty    bodies :     by 

M.  Berthe.     Compt.  rend.  xlii.  890. 
On  tlie  digestion  and  absorption  of  fatty  substances  without  the 

aid   of  the  pancreatic  juice:    by   M.   Colin.      Compt.   rend. 

xliii.  55. 
On  the  saponification  of  fats  by  anhydrous  oxides :  by  J.  Pelouze. 

Compt.  rend.  xlii.  1081 ;  Ann.  Ch.  Phjs.  [3]  xlvii.  371 ;  Chem. 

Gaz.  1856,  283. 
Eecula. — On    fecula    and    alcohol   from    colchicum:     by    M.    Comar. 

J.  Pharm.  [3]  xxix.  47. 
Eermentation. — Eesearches     on     fermentation :     by    M.     Berthelot. 

Compt.  rend,  xliii.  236:    J.  Pharm.  [3]  xxx.  269. 
Eesearches  on  the  fermentation  of  fatty  bodies :    by  F.  Baudet. 

J.  Pharm.  [3]  xxix.  274. 
On  the  heat  and  mechanical  power  produced  by  vinous  fermen- 
tation: by  31.  Buhrunfaut .     Compt.  rend.  xlii.  945. 
Eibrin. — On  a  peculiar  modification  of  fibrin:  by  E.  v.  Gorujy-Bcscmez. 

J.  Pharm.  [3]  xxix.  240. 
Eormation  of  casein  by  the  putrefaction  of  fibrin :  by  Br.  Gunning. 

J.  pr.  Chem.  Ixvii.  52. 
Files. — Analysis  and  preparation  of  an  alloy  for  composition-files:  by 

A.  togel.     N.  Jahrb.  Pharm.  iv.  138 ;  Chem.  Gaz.  1856,  54. 
Eiltratiou. —  On   the    rate    of  filtration    of   different   liquids   through 

animal  membranes :  by  W.  Sclimidt.     Pogg.  Ann.  xcix.  337. 
Eire. — On  the  so-called  new  Greek  fire:  by  JR.  Bottger.     J.  pr.  Chem. 

Ixviii.  305. 
Eire-damp. — On  the  relations  between  explosions  of  fire-damp  and 

cyclones  or  circular  hurricanes  :  by  T.  Bohson.     Compt.  rend. 

xiii.  157. 
Elame.— On  the  effect  of  chlorine  in  colouring  the  flame  of  burning 

bodies:  by  B.  Forbes.     Phil.  Mag.  [4]  xi.  65. 
On  a  peculiar  behaviour  of  nitrogenous  bodies  in  the  blowpipe- 
flame :    by  A.    Vogel,   Jun..   and    C.    EeiscJiauer.     J.    Pharm. 

[3]  xxx.  79;   N.   Kcpert.   Pharm.  v.  153;  Chem.   (i:iz.   1856, 

355. 
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Flame. — On  the    chemical   actions    in    the    flame    of   coal-gas:     by 
S.  Landolt.     Pogg.  Auu.  xcix.  389. 

Characters  of  the  flame  of  bisulphide  of  carbon.     Pharm.  J.  Traus. 

XV.  5G3. 

On  the  prismatic  spectra  of  the  flames  of  compounds  of  carbon 

and  hydrogen :  by  W.  Swan.     Proc.  Eoy.  Soc.  Ed.  iii.  376. 
Flour. — On  the   examination   of  flour  and   bread :    by  L.  E.    Bivot. 

Compt.  rend.  xlii.  635 ;  Ann.  Ch.  Phys.  [3]  xcvii.  50. 
Fluorescence. — See  Light. 

Fluorine. — Eesearches   on   the  fluorides:   by  E.    Fremy.     Ann.    Ch. 
Phys.  [3]  xlvii.  5. 

On  the  compounds  of  tantalum  with  fluorine  :  by  K.  Rose.  Pogg. 

Ann.  xcix.  481. 

Presence  of  fluorine  in  the  blood :  by  J.  NicMes.     Compt.  rend. 

xliii.  885. 

On  the  metallic  fluorides :  by  H.  Ste.-Claire  Deville.   Compt.  rend. 

xlii.  970. 

On  the  transformation  of  the  fluoride  of  aluminium  and  sodium 

into  aluminate  of  soda :    by  C.  Tissier.      Compt.  rend,  xliii. 
102;  Chem.  Gaz.  1856,344. 

Action   of  phosphate   of  soda  on  fluor-spar   at  a  red   heat :    by 

H.  BriegJeb.     Ann.  Ch.  Pharm.  xcvii.  95  j  Chem.  Gaz.  1856, 
149. 
Fodder. — See  Nutrition. 

Formiate. — Production  of  formic  ether  from  oxalovinic  acid:  by  A.  H. 

Church.     Phil.  Mag.  J.  [4]  xi.  527  ;  Ann.  Ch.  Pharm.  c.  256. 

Formiates. — Action  of  chloride  of  sulphur  on  formiate  of  baryta:  by 

W.  Seintz.     Pogg.  Ann.  xcviii.  458. 
Fulminates. — On  the  composition   of  fulminating  mercury,  and  on 
some  of  the  products  of  its  decomposition :  by  L.  SchischJcoff. 
Ann.  Ch.  Pharm.  xcvii.  53. 
Fulminating  Silver. — On  the  composition  of  fulminating  silver:  by 

O.  B.  Kiihn.     Chem.  Gaz.  1856,  189. 
Furf urine. — On  furfurine :    by    L.  Svanherq   and    C.   E.   Bergstrand. 
J.  pr.  Chem.  Ixvi.  239;  Ann.  Ch.  Phys.  [3]  xlvi.  372;  Chem. 
Gaz.  1856,  151. 


G 


Gall-nuts. — On   English  gall-nuts:    by   M.    Vinen.     J.  Pharm.    [3] 

XXX.  290. 
G  al V a n  0  m  e  t  e  r. — See  Electricity. 
Gas. — Manufacture  of  gas:  by  T.  Dimsdale.     J,  Fr.  Inst.  [3]  xxxi.  25. 

On  the  manufacture  of  coal-gas:  Ann.  Min.  [5]  viii.  1. 

Illuminating  gas  from  wood.     J.  Fr.  Inst.  [3]  xxxi.  270. 

■ On  gas-furnaces :  by  C.  Sching.     J.  Fr.  Inst.  [3]  xxxi.  270 ;  326. 

■ Apparatus  for  the  continuous  evolution  of  gas :  by  M.  Schlugden- 

huuffen.     J.  Pharm.  [3]  xxix,  216. 
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Gas. — Effects  of  tlie  presence  of  sulphur  iu  coal  gas.     Pharm.  J.  Trans. 

xvi.  323. 
Gases. — Fundamental  principles  of  a  theory  of  gases:  by  A.  Kronig. 

Pogg.  Ann.  xcix.  315. 
Eelation  between  the  heat-capacity,  temperature,  and  density  of 

gases  in  so  far  as  they  follow  Mariotte's  law ;  and  application 

of  this  relation  to  the  strata  of  the  atmosphere,  the  barometric 

measurement  of  heights,  and  the  determination  of  the  mean 

height  of  the  atmosphere  :  by  Captain  v.  Seydlitz.    Pogg.  Ann. 

xcviii.  77. 
On  the  connexion  between  the  doctrine  of  the  equivalency  of  heat 

and   mechanical   work,  and   the   comportment  of  permanent 

gases:  by  B.  Clausius.     Pogg.  Ann.  xcviii.  173. 
On   the  law  of  absorption  for  ammoniacal  gas  :   by   L.   Carius. 

Ann.  Ch.  Pharm.  xcix.  129. 
On  the  comparative  velocity  of  the  escape  of  different  gases  :  by 

E.  Baudrimont.     J.  Pharm.  [3]  xxix.  266. 
On  the  eudosmose  of  gases :  by  J.  Jamin.     Pogg.  Ann.  xcix.  327  ; 

Compt.  rend,  xliii.  234 ;  Phil.  Mag.  [4]  xi.  325. 
Experiments  on  the  comparative  duration  of  the  flow  of  gas :  by 

E.  Baudrimont.     Compt.  rend.  xlii.  398. 
On  the  solubility  of  gases  in  saline  solutions,  with  reference  to  the 

theory  of  respiration:  by   M.  Fernet.      Ann.   Ch.  Phys.    [3] 

xlvii.  360 ;  Compt.  rend.  xl.  1237. 
Apparatus  for  transporting  and   transferring  measured  gaseous 

mixtures :  by  H.  Hlasiwetz.     Ann.  Ch.  Pharm.  xcvii.  241. 
Getah. — On  Geta  Lahoe :  by  Brof.  Kaiser.     Kunst-und  Gewerbebl. 

fiir  Bayern.  1856,  109;  Chem.  Gaz.  1856,  352. 
Glandular   Secretions. —  On   the    chemical   constituents    of   certain 

glandular   secretions :   by   E.  v.    Gorwp-Besanez.      Ann.   Ch. 

Pharm.  xcviii.  1. 
Glass.— On  basaltic  glass:  by  C.  Stickel.     Chem.  Guz.  1856,  180. 
On  the  action  of  water  upon  glass  :  by  J.  Belouze.     Compt.  rend. 

xliii.  117;  Chem.  Gaz.  1856,  341. 
On  the  silvering  of  glass ;  with  some  observations  on  divided  gold : 

by  M.  Faraday.     Pharm.  J.  Trans,  xvi.  149. 
On  the  silvering  and  gilding  of  glass :    by  J.  Liehig.     Ann.  Ch. 

Pharm.  xcviii.  132;  Chem.  Gaz.  1856,  *213. 
On  the  manufacture  of  crown  and  sheet  glass.     J.  Fr.  Inst.   [3] 

xxxii.  205,  275. 
Glucose. — See  Sugar. 
Glycerine. — Action  of  the  chlorides  and  bromides  of  phosphorus  on 

glycerine:    by  MM.  Berthelot  and  De  Liica.      Compt.  rend. 

xliii.  98  ;  Chem.  Gaz.  1856,  348. 

Note  on  glycerine :  by  M.  Dalpiaz.     J.  Pharm.  [3]  xxx.  221. 

New    note    on    glycerine:    by  M.    Cap.      J.    Pharm.    [31    xxix. 

209. 

On  the  solubility  of  lime  in  an  aqueous  solution  of  glycerine :  by 

M.  Berthelot.     Ann.  Ch.  Phys.  [3]  xlvi.  173. 
Action  of  iodide  of  phosphorus  on  glycerine;  3rd  memoir.  Allyl  and 

the  allylic  ethers :  by  MM.  Berthelot  and  De  Luca.     Auii.  Ch. 
Phys.  [3]  xlviii.  286. 
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Glycerine. — Actiou  of  the  chlorides  aud  bromides  of  phosphorus  upon 

glycerine :  by  MM.  Berthelot  and  De  Lxica.      Ann.  Ch.  Phys. 

[3]  xlviii.  30i. 
Glycogeny. — Xew   researches  on   the   glycogenic  question:    by   M. 

Cliauveau.     Compt.  rend.  xlii.  lOOS. 
Glycosury. — See  Sugar  and  Urine. 
Glycol. — On   glycol,   or   diatomic   alcohol:    by  A.    Wurtz.      Compt. 

rend,  xfiii.  199;  Chem.   Gaz.   1856,   361;  Ann.   Ch.  Pharm. 

c.  J 10. 
Glycols. — Eesearches  on  acetal  and  on  the  glycols  :   by  A.    Wurtz. 

Compt.  rend,  xliii.  478  ;  Ann.  Ch.  Phys.  [3]  xlviii.  378  ;  Ann. 

Ch.  Pharm.  c.  110. 
Gold — On  the  possible  origin  of  veins  of  gold  in  quartz  aud  other 

rocks  :  by  L.  L.  B.  Ihhetson.     Phil.  Mag.  [4]  xii.  73. 

On  the  gold-dust  of  Midriapore:  Asiat.  Soc.  J.  1855,  250. 

On  divided  gold  :  by  M.  Faraday.     Pharm.  J.  Trans,  xvi.  149. 

On  the  silvering  and  gilding  of  glass :   by  J.  Liebig.     Ann.  Ch. 

Pharm.  xcviii.  132  ;  Chem.  Gaz.  1856,*  213. 

On  a  new  gold  varnish,    which  does  not  lose  its  colour  by  ex- 

posure to  air  and  light.     Chem.  Gaz.  1856,  34. 
K'ew  process  for   gilding   and  silvering  metals :   by    C.    Guerin. 

Compt.  rend,  xliii.  808. 
Goniometer. — On  a  new  goniometer:  hy  W.  Haidinger.     Pogg.  Ann. 

xc^'ii.  590. 
Graduated   Solutions. — On  the  use  of  bisulphate  of  potash  in  the 

preparation  of  graduated  solutions :  hj  E.  Huhert.     J.  Pharm. 

[3]  XXX.  90. 
Grain. — On  the  preservation  of  grain  :  by  M.  Doyere.     Compt.  rend. 

xli.  1240. 
Graphite., — See  Minerals. 
Guano. — On  the  guano  of  the  Chincha  Islands,  and  the  birds  which 

produce  it :  by  M.  Baymondi.     Compt.  rend.  xlii.  735. 

On  granat-guano :  by  JV.  Wicke.      Ann.  Ch.  Pharm.  xcvii.  344. 

Loss  of  ammonia  by  Peruvian  guano  :  by  A.  Bobierre.     Compt. 

rend,  xliii.  757. 
Gum. — On  the  gums  of  Senegal:    by  L.   Souheiran.    J.  Pharm    [3] 

XXX.  53. 
Gums. — The  gums  and  resins  of  commerce:  bv  P.  L.  Simtnond^.     J. 

Fr.  Inst.  [3]  xxxii.  177,  279. 
Gun    Cotton. — New  gun  cotton.     Pharm.  J.  Trans,  xv.  430. 
Gutta    Percha. — On  the  Hancornia  speciosa,  artificial  gutta   percha 

and  caoutchouc:  by  M.  Cflaiissen.     J.  Pharm.  [3]  xxix.  130. 
■  Solution  of  gutta  percha.     Pharm.  J.  Trans,  xvi.  142. 

On  the  solution  of  gutta  percha.     J.  Pharm.  [3]  xxx.  367. 

Gypsum. — On  the  use  of  burnt  gypsum   for  clarifying  turbid  wines, 

preventing  them  from  turning  sour,  and  removing  any  acetic 
acid  that  may  be  present :  bv  D.  HesseJ.  Ann.  Ch.  Pharm. 
xcviii.  334. 


IN    BRITISH    AND   FOREIGN   JOURNALS.  331 


H 

Haematosin. — On   the   preparation    of  bsematosin    and  albumin   for 

tecliuical  purposes :  by  J.  Fillans.     Polyt.  J.  cxl.  298  ;  Chem. 

Gaz.  1856,  390. 
Hair. — Oii  hair  and  horny  substance  :    by   the   Freiherr  von   Bihra. 

Ann.  Ch.  Pharm.  xcvi.  289  ;  J,  pr*  Chem.  kvii.  261. 
Hancornia. — On  the  Sancornia  speciosa,  artificial  gutta  percha  and 

caoutchouc:  by  M.  Claussen.     J.  Pharm.  [3]  xxix.  130. 
Health   of  Towns. — On  the  preservation  of  the  health  of  towns  :  by 

Herve  Mangon.     Ann.  Ch.  Phys.  [3]  xlvii.  368. 
Heat. — On  the  heat  in  the  sun's  rays:  bv  F.  Foote.     Sill.  Am.  J.  [2] 

xxii.  377,  382. 

Ontlie  theory  of  heat:  by^.  Harrison.    Phil.  Mag.  [4]  xxii.  397. 

On  the  dynamical  theory  of  heat,  Part  VI. — Thermoelectric  cur- 
rents": by  W.  Thomson.     Phil.  Mag.  [4]  xi.  433. 

On  a  modified  form  of  the  second  fundamental  theorem  in  the 

mc  chanical  theory  of  heat :  by  B.  Clausius.  Phil.  Mag.  [4] 
xii.  81. 

On  the  motion  of  heat  in  a  given  system  of  points :  by  M.  Duhamel. 

Compt.  rend,  xliii.  1. 

On  heat  as  the  equivalent  of  work  :  by  F.  Hoppe.     Pogg.  Ann. 

xcvii.  30  ;  Phil.  Mag.  [4]  xii.  75. 

On  heat  as  the  equivalent  of  work  :  by  W.  J.  Macquorn  FanMne. 

Phil.  Mag.  [4]  xii.  103. 

On  the  connection  between  the   doctrine  of  the  equivalency  of 

heat  and  mechanical  work,  and  the  behaviour  of  permanent 
gases  :  by  F.  Clausius.     Pogg.  Ann.  xcviii.  173. 

Experimental  researches  on  animal  heat :  by  CI.  Bernard.     Compt, 

rend,  xliii.  329,  561. 

On  the  thermal  effects  of  fluids  in  motion :  by  W.  Thomson  and 

J.  F.  Joule.  Proc.  Eoy.  Soc.  viii.  41,  178 ;  Pogg.  Ann. 
xcvii.  576. 

On  the  heat  produced  by  the  influence  of  a  magnet,  on  moving 

bodies  :  by  L.  Foucaidt.     Pogg.  Ann.  xcvi.  625. 

On  the  heat  and  mechanical  power  generated  by  vinous  fermenta- 
tion :  by  M.  Biibriuifant.     Compt.  rend.  xlii.  945. 

On   a   circumstance   attended  Avith  production   of  heat :    by  M. 

Viard.     Compt.  rend.  xii.  1171. 

On   the   existeuce    of    multiple    proportions    in    the    quantities 

of  heat,  or  equivalent  alteration  in  the  internal  space  of 
bodies,  caused  by  definite  changes  of  state,  as  produced  by 
chemical  combination  or  otherwise :  by  Thomas  JVoods. 
Proc.  Eoy.  Soc.  viii.  4;  Chem.  Gaz.  1856,  116.  [Eemarks 
by  J.  F.'  Joule,  ibid.  62.]— Further  Proc.  Koy.  Soc.  viii. 
211. 

On  the  heat  of  chemical  combination :  by  T.  Woods.     Phil.  Mag. 

[4]  xii.  65. 

Absorption  of  heat  b\  dec()ini)()t;ilion  :  bv  T.    IVoods.     Pliil.  Mag. 

[I]  xii.  74,  237. 
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Heat. — Ou  the  measurement  of  the  permanent  expansion  which  cast 

iron  sufters  when  heated,  and  the  methods  therein  adopted  for 

determining  high  temperatures  :  by  A.  Hermann  and  P.  Herter. 

Pogg.  Ann.  xcvii.  489. 
On  the  heat  absorbed  in  chemical  decompositions  :  by  J.  P.  Joule. 

Phil.  Mag.  [4]  xii.  155,  321. 
On  the  production  of  very  high  temperatures :  by  S.  Ste.  Claire 

Deville.     Ann.   Ch.  Phys.   [3]   xlvi.  182.     Pharm.  J.  Trans. 

xvi.  215. 
On  the  changes  of  volume  which  accompany  rise  of  temperature 

and  fusion :  by  H.  Kopp.     Ann.  Ch.  Phj^s.  [3]  xlvii.  291. 
On  the  specific  heat  of  certain   elementary   bodies,  and  on  the 

isomeric  modifications  of  selenium  :    by   Y.  Regnault.     Pogg. 

Ann.  xcviii.  396 ;  Ann.  Ch.  Pliys.  [3]  xlvi.  257. 
Eolation  between  the  heat-capacity,  temperature  and  density  of 

gases,   in   so   far  as  they  are  subject  to  Mariotte's  law :  by 

Captain  von  Seydlitz.     Pogg.  Ann.  xcviii.  77. 
On  the  relation  between  the  temperature  and  tension  of  vapour  : 

by  M.  Coste.     Compt.  rend,  xliii.  90. 
On  the  calculation  of  the  latent  heat  of  vapours :  by  M.  Legrand. 

Coaipt.  rend.  xlii.  213  ;  Pogg.  Ann.  xcviii.  349. 
Researches  on  the  specific  gravity,  expansion  by  heat,  and  boiling 

points  of  certain  liquids :   by  H.   Kopp.     Ann.   Ch.   Pharm. 

xcviii.  367;  Ann.  Ch.  Pharm.  [3]  xlvii.  412. 
On  the  boiling  points  of  analogous  bromine  and  chlorine  com- 
pounds :  by  H.  Kopp.     Ann.  Ch.  Pharm.  xcviii.  265. 
On  the  boiling  points  of  saturated  saline  solutions  :  by  P.  Kremers. 

Pogg.  Ann.  xcix.  25. 
On  the  curves  of  solubility  of  certain  salt-atoms,  and  on  the  boil- 
ing  points   of  saturated   solutions :  by  P.   Kremers.     Pogg. 

Ann.  xcvii.  1. 

Phenomena  attending  ebullition.     Pogg.  Ann.  xcviii.  512. 

On  the  continued  boiling  of  a  supersaturated  solution  of  sulphate 

of  soda,  after  remo^'al  from  the  source  of  heat :  by  R.  Bottger. 

J.  pr.  Chem.  Ixviii.  366. 
On  the  heat-conducting  power  of  metals  :  by  H.   J.   Oouilland. 

Ann.  Ch.  Phys.  [3]  xlviii.  47. 
On  the  temperature  at  which  liquids  cease  to  wet  the  containing 

vessel :  by  C.  Wolf.     Pogg.  Ann.  xcviii.  643. 
On  the  congelation  of  vesicular  vapour,  and  on  glacial  arrows :  by 

J.  Fournet.     Ann.  Ch.  Phys.  [3]  xlvi.  203. 

On  a  law  of  electrical  heat :  by  P.  Biess.    Phil.  Mag.  [4]  xii.  322. 

Thermo-electric   phenomena   in    similar    metals :    by   B.    Franz. 

Pogg.  Ann.  xcvii.  34. 

On  Negretti  aud  Zambra's  maximum  thermometer.     Pogg.  Ann. 

xcix.  336. 
Ilelianthus. — Alcoholic  extract  from  the  stems  of  Ilellanthus  tuherosus 

(Jerusalem  artichoke),  by  M.    Berard.     J.  Pharm.  [3]  xxix. 
463. 
Heliographic  engraving. — See  FhotograpTig . 

liops. — Now  method  of  detecting  the  [)reseuce  of  sulphur  in  hops:  by 
B.  Wagner.     Chcm.  Gaz.  1856,  134. 


IN    BRITISH   AND    FOREIGN   JOURNALS.  333 

Horn. — Ou  hair  and  horny  substance  :  by  the  Freiherrv.  Bihra.     Ann. 

Ch.  Pharm.  xcvi.  289;  J.  pr.  Chem.  Ixvii.  261. 
On  a  mode  of  giving  a  metallic  surface  to  horn :  by  M.  Meunier. 

Chem.  Gaz.  1856,  374. 
Horse-chestnut. — On   the   constituents  of  the   hoi'se-chestnut :    by 

F)'.  Rochleder.     J.  pr.  Chem.  Ixvi.  246. 
Horse-flesh. — On  the  use  of  horse-flesh  as  food:  by  Is.  Geoffrey  St. 

Hilaire.     Compt.  rend,  sliii.  455. 
Horse-radish. — On  the  distinctive  characters  of  the  roots  of  monks- 
hood {Aconitum  napellus),  and  horse-radish  {Cochlearia  armo- 

racia) :  by  B.  Bentley.     Pharm.  J.  Trans,  xv.  449. 
Hydrocarbons.— On   the    synthesis  of  hydrocarbons:  by  BertJielof. 

Compt.  rend,  xliii.  236;  Chem.  Gaz.  1856,  367. 
On  the  prismatic  spectra  of  the  flames  of  compounds  of  carbon 

and  hydrogen:    by    W.  Swan.     Ed.  Phil.  Trans,  xxi.  pt.    3, 

411 ;  abstr.  Proc.  Eoy.  Soc.  Ed.  iii.  376. 
On  the  artificial  formation  of  hydrocarbons :    by   il/.   BertJielot. 

Ann.  Ch.  Pharm.  c.  122. 
On  the  constitution  and  chemical  nature  of  the  hydrocarbons  :  by 

H.  L.  Buff.     Ann.  Ch.  Pharm.  c.  219. 
Hydrochinone. — On   the   supposed    identity   of    oxyphenic   acid   with 

colourless  hydrochinone  :  by  B.  Wagner.     J.  pr.  Chem.  Ixvii. 

490. 
Hydrogen. — On  ozone-hydrogen:  by  Q.   Osann.     Pogg.  Ann.  xcviii. 

181. 
Further  experiments  showing  the  difference  between  electrolytic 

hydrogen  and  that  which  is  prepared  in  the  ordinary  way  :  by 

G.  Osann.     Pogg.  Ann.  xcvii.  327. 
Combustion  of  hydrogen  in  a  limited  volume  of  oxygen.     J.  pr, 

Chem.  Ixvii.  174. 
On  the  action  of  nascent  hydrogen  on  sulphide  of  carbon  :  by 

A.  Girard.     Compt.  rend  xliii.  396. 
On  tlie  relations  of  certain  bodies   diff"ering  by  Hj  and  O2 :  by 

T.  S.  Hunt.     Chem.  Gaz.  1856,  41 ;  Compt.  rend.  xli.  1167. 
Hypochlorites. — Valuation  of  chloride  of  lime  by  means  of  sulphate 

of  lime.     Pharm.  J.  Trans,  xv.  518. 
On  the  behaviour  of  clear  alkaline  solutions  of  chloride  of  lime 

when  heated  :  by  G.  ScJdieper.     Ann.  Ch.  Pharm.  c.  171. 
Hyposulphates. — On  the  ammoniacal  hyposulphate  of  copper,  and  on 

the   ammonio-salta   of  metals  in  general:   by   B.    ScTiweizer. 

J.  pr.  Chem.  Ixvii.  430. 
Hyposulphites. — On  the  use  of  hyposulphite  of  soda  in  quantitative 

analysis:  by  H.  Vohl.     Ann.  Ch.  Pharm.  xcvi.  237;  J.  Pharm. 

[3]  xxix.  74';  J.  pr.  Chem.  Ixyii.  177;  Chem.  Gaz.  1856,  175. 
On  a  double  hyposulphite  of  sodium  and  copper:  by  W.  Schutte. 

Compt.  rend.  xlii.  1267;  Chem.  Gaz.  1856,  351. 
On  commercial  hyposulphites  :  by  M.  SchlaqdenTiaufTen.    J.  Pharm 

[3]  XXX.  81. 
Hyraceum. — Ou  hyraceum  :  by  L.   Souheiran.     J.  Pharm.  [3]  xxix 

379. 
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JllLiinination. — On  the  products  of  the  dry  distillation  of  theEhenish 

bituminous  schist,  of  Saxon  and  Thuringian  lignite,  and  their 

application  as  light-giving  materials  :  by  H.   Vohl.     Ann.  Ch. 

Pharm.  xcviii.  181. 

See  Liijlit. 

Incandescence. — On  the  incandescence  of  metal  wires  in  alcoholic 

vapour:  by  H.  Reinsch.     Arch.  Pharm.  cxxxiv.   187;  Chem. 

Gaz.  1856,  72 ;  Phil.  Mag.  [4]  xi.  246. 
Incrustation. — On  the  prevention  of  incrustation  in  steam  boilers  r 

by  W.  JDuntee.     Pharm.  J.  Trans,  xv.  317. 
Infusoria. — Examination  of  the  green  matter  of  the  true  infusoria:  by 

the  Prince  of  Salm-Horstmar.     Pogg.  Ann.  xcvii.  331 ;  Phil. 

Mag.  [4]  xi.  326. 
Ink. — Brown  ink  for  marking  linen.     Chem.  Graz.  1856,  78. 
luosite. — On  the  occurrence  of  iuosite,  uric  acid,  &c.,  in  the  animal 

body :   by   A.   Cloetta.     Ann.    Ch.    Pharm.  xcix.    289 ;    Ann. 

Ch.  Phys.  [3]  xlvi.  369 ;  J.  pr.  Chem.  Ixvi.  211 ;  Chem.  Gaz. 

1856,  61. 
Insolubility. — On  the  conditions   of  the  insolubility   of  bodies :  by 

Dr.  Mohr.     Ann.  Ch.  Pharm.  c.  53. 
Inuline. — Note  on  inuline :  by  M.  Dubrunfaut.     Compt.  rend.  xlii. 

803. 
1 0 dates. — Volumetric  determination  of  iodates  by  silver:  by  C.  Mohr. 

Ann.  Ch.  Pharm,  xcix.  197. 
Iodides. — Action  of  chloride  of  mercury  on  the  iodides  of  methyl,  ethyl, 

and  amyl:  by  M.  SclilagdenTiauffen :  J.  Pharm.  [3]  xxix.  247. 
On  the  iodides  of  barium  and  strontium :  by  H.   Croft.     Chem. 

Gaz.  1856,  125. 
On  the  behaviour  of  iodide  of  silver  with  ammonia :  by  A.  Yogel. 

Phn.  Mag.  [4]  xii.  157;  Chem.  Gaz.  1856,  250. 
On   the   action   of   metallic   chlorides    upon  iodide   of  lead :   by 

A.  Engelhardt.     Chem.  Gaz.  1856,  24. 
On  the  action  of  the  oxygen-compounds  of  nitrogen  on  iodide  of 

potassium   in  presence  of  water:   by  M.  Bechamp.      Compt. 

rend,  xliii.  388. 
Test  for  carbonate  and  iodate  of  potash  in  iodide  of  potassium  : 

by   W.  Copley.     Pharm.  J.  Trans,  xv.  504;    J.   Pharm.    [3] 

XXX.  119. 
On  iodide  of  potassium  as  a  test  for  ozone :  by  8.  Chez.     Compt. 

rend,  xliii.  38 ;  Phil.  Mag.  [4]  xi.  237. 
Action    of   chloride    of   mercury  on    some    organic    iodides :  by 

31.  Schlagdenlmuffen.     J.  Pharm.  [3]  xxx.  38. 
Iodine. — On  the  crystalline  form  of  iodine :  by  E.  MitscTierlich.     Pogg. 

Ann.  xcviii".  547;  Ann.  Ch.  Phys.  [3]  xlvi.  308  ;  J,  pr.  Chem. 

Ixvi.  257. 
New  method  of  detecting  iodine  and  its  compounds  in  the  wet 

way:  by  F.  Fai/en.     J.  Pharm.  [3]  xxix.  127. 
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Iodine. — Ou  iodide  of  silver:  by  H.  Ste.-Claire  Deville.     Compt.  rend. 

sliii.  970. 
Detection  of  iodine  in  mineral  waters :  by  J.  Liehig.     Ann.  Ch. 

Pharm.  xcviii.  51 ;  Ann.  Ch.  Phys.  [3]  xlvii.  193 ;  Chem.  Gaz. 

1S56,  212. 
On  the  supposed  existence  of  iodine,  and  detection  of  nitric  acid, 

in  the  air :  by  21.  Kletzinsky.     Chem.  Gaz.  1856,  247. 
On   the   double   salts   of  biniodate    of  potash   with   chloride   of 

potassium    and    sulphate   of    potash :    by    C.    Itammelsherg. 

Pogg.  Ann.  xcvii.  92. 
Action  of  hydriodic  acid  on  silver:  by  II .  Sainte-Claire  Deville. 

Compt.  rend.  xlii.  894. 
On  the  use  of  vapour  of  iodine  as  a  test  for  traces  of  mercury : 

by  C.  Brame.     Compt.  rend,  xliii.  322. 
On  the  behaviour  of  iodine  with  sulphite  of  soda:  by  Dr.  Braiine. 

Chem.  Gaz.  1856,  348. 

Use  of  iodine  as  an  antidote  for  belladonna.     J.  Pharm.  xxix.  219. 

On  teriodide  of  bismuth  :  by  R.  Schneider.     Pogg.  Ann.  xcix.  470. 

On   the    behaviour   of    iodide    of   mercury    with    ammonia :    by 

J.  Nessler.     Chem.  Gaz.  1856,  446,  463. 
On   the   compounds   of  tetramethylammonium    with   iodine    and 

chloride  of  iodine  :  by  G.   Weltzien.     Ann.  Ch.  Pharm.  xcix.  1. 

Note  on  iodised  oil :  by  M.  Hugonneng.     J.  Pharm.  [3]  xxix.  214. 

Iodoform. — On  the  solution  of  iodoform  in  sulphide  of  carbon:    bv 

E.  Humbert.     J.  Pharm.  [3]  xxix.  352. 
Iridium. — On    the    presence    of    iridium    in    Californian    gold:    by 

H.  Dubois.     Ann.  Min.  [5]  vi.  518. 
Iron. — On  the  occurrence  of  the  ores  of  iron  in  the  azoic  system :  by 

J.  D.  Wliitney.     Sill.  Am.  J.  [2]  xxii.  38. 
Analvsis  of  the  Cleveland  iron  ore :    by  A.  Dich.      Phil.  Mag. 

[4]  xi.  481 ;  Chem.  Gaz.  1856,  226. 
On  the  Kunkurs  and  iron  ores  of  Burdwan.     Asiat,  Soc.  J.  1855, 

212. 
On  the  iron  ores  of  the  Hiittenberg,  Carintliia :  by  -F.  MunicMorfcr 

and  M.  F.  Lepold.     Geol.  Soc.  Qu.  J.  xii.  Part  II.  2. 
Pea-ore  from  the  Thurmberg,  near  Durlach  (Baden):  by  C.  Stamm. 

J.  pr.  Chem.  xxvii.  205. 

On  a  specimen  of  native  iron  fi'om  Liberia,  Africa  :  hj  A.  A.  Hayes. 

Sill.  Am.  J.  [2]  xxi.  153  ;  Pro.  Roy.  Soc.  Edinb.  iii.  327. 
On  the  magnetism  of  iron  ores :  by  G.  B.    Greiss.     Pogg.  Ann. 

xcviii.  478. 
New   mode  of   manufacturing   iron   and   steel  without  fuel :  by 

H.  Bessemer.     Chem.  Gaz.  1856,  336  ;  Pharm.  J.  Trans,  xvi. 

182. 
Improvements  in  the  manufacture  of  cast  iron  (Price  and  Nichol' 

son's  patent.)     Chem.  Gaz.  1856,  300. 
On  the  compounds  of  carbon  and  iron,  and  their  influence  on  the 

production  of  pig-iron  :  by  A.    Gurlt.     Chem.  Gaz.  1856,  230, 

254. 

Conversion  of  cast-iron  into  steel.     Ann.  Min.  [5]  viii.  373. 

On  the  composition  of  some  varieties  of  foreign   iron  :  bv  F.  A. 

Abel.     Chem.  Soc.  Qu.  J.  ix.  200. 
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Iron. — On  a  large  amount  of  iron  and  manganese   in  the   ash  of  a 

water-plant :    by   ^.    v.    Gorup-Besanez.      Ann.    Ch.   Pharui. 

c.  106. 
On  the  permanent  expansion  of  cast  iron  by  heat  :^by  A.  Ermann 

and  P.  Ilerter.     Pogg.  Ann.  xcvii.  489. 
On  tlie  crystalline  structure  sometimes  produced  in  wrought  iron, 

compared    with    that   of  meteoric    iron :    by    W.    Haidinger. 

Wien.  Akad.  Denkschr.  xvi.  354. 
On  the  electrical  relations  of  tin  and  iron  in  various  liquids :  by 

G.  Gore.     Pharm.  J.  Trans,  xv.  357. 
Preparation  of  ferroso-ferric  oxides  :  by  M.  Sepal.  J.  Pharm.  [3] 

xxix.  100. 
On  sesquioxide  of  iron  modified  bv  heat :  by  L.  Pean  de  St.  Gilles. 

Anu.  Ch.  Phys.  [3]  xlvi.  47. 

On  a  peculiar  behaviour  of  oxalic  acid  with  sesquioxide  of  iron  : 

by  C.  F.  Schonhein.     J.  pr.  Chem.  Ixvi.  275. 

On  the  origin  and  accumulation  of  proto-carbonate  of  iron  in  the 

coal  measures :  by  W.  B.  Rogers.     Sill.  Am.  J.   [2]  xxi.  339. 
On  blue  ferroso-lerric  phosphate :  by    C.    G.    Wittstein.     Pogg. 

Ann.  xcvii.  158. 
On  some  ferroso-ferric  phosphates :  by  G.  Jenzsch.     Pogg.  Ann. 

xcviii.  629. 
Composition  of  vivianite  from  Kertsch,  and  of  blue  iron  ore :  by 

H.  Struve.     J.  pr.  Chem.  Ixvii.  302. 
On   a  mode  of  formation  of  sulphide  of  iron :  by  M.  Ghevreul. 

Compt.  rend,  xliii.  128. 
On  the  chemical  composition  of  some  varieties  of  arsenical  pyrites 

and  arsenide  of  iron  :  by  G.  A.  BehicJce.     Pogg.  Ann.  xcviii. 

184. 
Analysis   of  a    mixture    of   alumina    and    sesquioxide    of   iron. 

J.  Pharm.  [3]  xxix.  59. 
On  the  separation  of  protoxide  of  nickel  from  sesquioxide  of  iron : 

by  Ph.   Schicarzenherg.     Ann.   Ch.  Pharm.  xcvii.  216 ;  Chem. 

Gaz.  1856,  133. 
New  method  of  determining  iron  in  the  urine,  by  means  of  per- 
manganate of  potash  :  by  Dr.  BocJcer.    Chem.  Graz.  1856,  263. 
Remarks  on  the  estimation  of  sulphur  in  iron :  by  E.  C  Nicholson 

andi).  ;S'.  Price.     Phil.  Mag.  J.  [4]  xi.  169. 

Meteoric. — See  Meteorite. 

Action  of  carbonic  acid  on  sesquioxide  of  iron :  by  JLT.  Langlois 

Ann.  Ch.  Phys.  [3]  xlviii.  502. 
On  Bessemer' s  process  for  the  manufacture  of  malleable  iron  and 

steel.     J.  Pr.  Inst.  [2]  xxxii.  267. 

Production  of  iron.     Pharm.  J.  Trans,  xvi.  327. 

On  an  alloy  of  lead  and  iron  produced  in  a  blast  furnace :  by 

F.  L.  Sonnenschein.     Chem.  Gaz.  1856,  434. 


K 

Kumis — The  kumis  apd  rakv  of  the    T;u-tar.s.     Pharm.  J.  Trans,  xv. 
429. 
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Lantlianum. — On  iodated  subacetate  of  iantlianum :   by  A.  Damour. 

Compt.  rend,  xliii.  976. 
Laudanum — Observations  on  the  deposit  which  forms  on  the  liquid 

laudanum  of  Sydenham :  by  M.  Eivot.     J.  Pharm.  [3]  xxx. 

202. 
Lead — On  the  extraction  of  the  silver  and  lead  from  the  argentiferous 

galena  of  Pribram,   Bohemia :    by  M.    Kleszczynsky .     Geol. 

Soc.  Qu.  J.  xii.  Part  II.  17. 
History  and  description  of  the  mines  and  foundries  of  lead,  silver, 

and  copper  of  Lozere.     Ann.  [5]  vii.  1 ;  viii.  351. 
On  the  sulphuretted  lead-ore  of  Neu-Sinlca,  in   the    Tyrol :   by 

TV.  Haidinger.     Wien.  geol.  Jahrb.  vi.  1. 
On  the   purification   of  lead  by   crystallization :  by   W.   BaJcer. 

Chem.  Gaz.  1856,372. 
On  the  electrical  relations  of  lead  and  antimony  in  various  con- 
ducting liquids  :  by  G.  Gore.     Pharm.  J.  Trans,  xv.  413. 
New  method  of  detecting  traces  of  lead  and  copper  when  associ- 
ated with  other  bodies :  by  J.  Lowenthal.     J.  pr.  Chem.  Ixvii. 

378. 
Assays  and  analyses   of  a  series   of  products  from  the   argenti- 
ferous lead-works  of  Carnoules  (Grard)  :   by  M.  Lan.     Ann. 

Min.  [5]  ix.  333.  _ 
On  native  lead  and  oxide  of  lead  from  Mexico.     Ann.  Ch.  Pharm. 

c.  127. 
On  an  alloy  of  lead  and  iron  produced  in  a  blast-furnace :    by 

F.  L.  Sonnenscliein.     Chem.  Gaz.  1856,  434. 
Method  of  detecting  very  small  quantities  of  lead  and  copper : 

by  J.  Lowenthal.     J.  pr.  Chem.  Ixvii.  878 ;  Chem.  Gaz.  1856, 

476. 
On   the   quantitative  determination  of  lead :  by  A.  Vogel,   Jun. 

Chem.  Gaz.  1856,  455. 
On  the  preparation  of  peroxide  of  lead  by  chlorine:  by  A.   Geu- 

titer.     Ann.  Ch.  Pharm.  xcvi.  382. 
Preparation   of  peroxide   of  lead  by  means   of  ferridcyanide  of 

potassium.     Phil.  Mag.  [4]  xi.  407. 
Cleavage  of  compressed  white  lead :  by  Warren  de  la  Rue.     Phil. 

Mag.  [4]  xii.  157. 
New  methods  of  assaying  the  sulphides  of  lead  and  antimony :  by 

A.  Levol.    Ann.  Ch.  Phys.  [3]  xlvi.  472 ;  Chem.   Gaz.  1856, 

353. 
On   photograpbic   iodide   of  lead :   by   M.   Roussieu.     Ann.   Ch. 

Phys.  [3]  xlvii.  154  ;  J.  Pharm.  [3]  xxxix.  438. 
On  the  action  of  metallic  chlorides  on  iodide  of  lead :  by  A.  JEngel- 

hardt.     J.  pr.  Chem.  Ixvii.  293.     Chem.  Gaz.  1856,  24. 
On  commercial  acetate  of  lead :  by  J.  Mackay.     Pharm.  J.  Trans. 
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Light. — On  solar  light,  with  a  description  of  a  simple  photometer  :  by 

Mungo  Ponton.     Proc.  Roy.  Soc.  Edinb.  iii.  355. 
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On  the  determination  of  indices  of  refraction  :    by  F.  Bernard. 

Pogg.  Ann.  xcvii.  141,  145. 

New  application  of  the  induction-light.     Pogg.  Ann.  xcviii.  191. 
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and  on  the  probable  existence  of  two  varieties  of  amorphous 

glucose  :  by  M.  Becliamp.     Coinpt.  rend.  xlii.  640,  896. 
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produces  in  the  operation  of  cleansing:  by  Ji".  Guinon.   Compt. 

rend.  xlli.  239. 
On  tlie  solubility  of  lime  in   aqueous   solutions   of  cane-sugar, 
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On  the  determination  of  lime  for  agricultural  purposes  :  by  Dr. 
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Lungs. — On  the  occurrence  of  inosite,  uric  acid,  taurin,  and  leucin  in 
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Madder. — On  some  constituents  of  madder,  and  of  the  products  obtained 
from  it,  especially  on  the  pectine  bodies  contained  in  it ;  by 
P.  Schutzenherger.     Chem.  Gaz.  1856,  176. 
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ISTote  on  the  construction  of  the  barometer,  and  on  the  ebullition 

of  mercury  in  vacuo :  by   II.  Tauj)enot.     Compt.  rend.    xlii. 
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On  some  variations  in  the  composition,  and  nutritive  power,  of 

cow's    milk   during    the   first    milk   period :  by    F.    Crusens. 

J.  pr.  Chem.  Ixviii.  1. 

Composition  and  analysis  of  milk.     Pharm.  J.  Trans,  xvi.  135. 

On  the  quantities  of  water  and  fat  in  goat's  milk  at  various  times 

of  the  day:  by  W.  Wicke.     Ann.  Ch.  Pharm.  xcviii.  124. 
On  the  composition  of  sow's  milk :  by  S.  Scheven.     J.  pr.  Chem. 

Ixviii. 
Determination  of  butter  in  milk:  by  M.  MarcJiand.     Chem.  Gaz. 

1856,253. 
Analytical  examination  of  the  lactiform  liquid  discovered  by  MM. 

Qaudin  and  Choumarra.     J.  Pharm.  [3]  xxx.  27 L. 
Volumetric    estimation    of    milk-sugar    by    means     of    Soleil'a 

saccharimeter ;    and   determination  of  the  richness  of  milk  : 

by  M.  Poggiale.     J.  Pharm.  [3]  xxx.  321. 
Minerals. — Chemical  mineralogical  contributions:  by  F.  F.  Schnid. 

Fogg.  Ann.  xcvii.  108. 
Mineralogical  notices :  by  A.  Kennr/ott.     Wien.  Akad.  Denkschr. 

xii.  243  ;  xv.  234 ;  xvi.  142. 
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Minerals. — Mineralogical    notice    of   the    circle    of    Laghouat  :    by 

II.  rule.     Compt.  rejid.  xlii.  396. 
Mineralogical  notes — Meteorite,   Nickel,   &c. :    by  T.    S.    Hunt. 

Sill.  Am,  J.  [2]  xix.  416,  428. 
— —  Supplements    to    Dana's    Mineralogy,      No.    1.      Sill.    Am.    J. 

[2]  xix.  353 ;  No.  II.  ibid,  xxi,  193.     No.  111.     Ibid.  xxii. 

246. 
Five  new  mineral  species — Xantbitane,  pyromelane,  pyroclusite, 

glanbapatite,  epiglaubite  :  by  C.   Z7.  Sliepard.      SiU,  Am.  J. 

[2]  xxii.  96. 
— ■ —  New  Swedish  minerals  :  by  Igelstrom  and  Svanberg.     Ofversigt  af. 

Kongl.  Yetenskaps-Akad.  Forhandl.  1855.  156. 
Swedish   minerals — Orthite,  pistazite,    prehnitoid,    labrador :    by 

C.  TV.  Blomstrand.     J.  pr.  Chem.  Ixn.  156. 
— ■ —  Mineral  veins,  and  East  Tennessee  copper-mines :  by  J.  D.  Whitney. 

Sill.  Am.  J.  [2]  XX.  53. 
— —  On  the  treatment  of  rich  argentiferous  minerals  at  Joachimsthal, 

in  Bohemia  :  by  A.  Patera.     Chem.  Graz.  1856,  274. 
On  some  minerals  found  at  Cherbourg :  by  J.  Lesdos.     Mem.  Soc. 

Imp.  d.  Sc.  nat.  de  Cherbourg,  ii.  379. 
On  certain  minerals  in  the  granites  of  the  coast  to  the  east  of 

Cherbourg:   by  J.  Lesdos.     Mem.   Soc.  Imp.  d.  Sc.  nat.  de 

Cherbourg,  ii.  98. 
Chemical  composition  of  some  Norwegian  minerals :  bv  D.  Forles. 

Ed.  N.  Phil.  J.  iii.  1. 
Analysis  of  Norwegian  minerals — Ortliite,  euxite,  yttrotitanite :  by 

b.  Forles  and  T.  Daldl.     J.  pr.  Chem,  Ixvi.  442, 
Mineralogical    observations   from   Mahren:    by   -E",    F.    Glocker. 

"Wien,  geol.  Jahrb.  stalt,  1855,  95. 
The  mineral  species  and  pseudomorphoses  of  Pribram,  arranged 

according  to  their  occurrence :   by  E.   Klecszynski.      "Wien. 

Geol.  Jahrb.  vi.  46. 
' The  minerals  of  Scarborough :  by  Dr.  Murray.     Scarb.  Phil.  Soc. 

23rd  Eep.  1855,  25. 
Description  of  a  new  mineral  from  Eelsobanya,  in  Hungary :  by 

A.  Kennyott.     Pogg.  Ann.  xc\aii.  165. 
Eesearches  on  the   artificial  formation  of  minerals,  and  on  the 

geological   conclusions    thence   resulting:    by   M.    JDurocher. 

Compt.  rend.  xlii.  850. 
Minerals:   Adularia. — On  adularia  from   the   Binnenthal:   by    Cli. 

Heusser.     Pogg.  Ann.  xcvii.  128. 
Allophane. — Analysis  of  allophane:    by  C.  T.  Jackson,  Proc.  of 

Boston.     Soc.  of  Nat.  Hist.  v.  120. 
Amphi  bole.— Comparison  of  augite  and  amphibole  according  to 

their  chief  crystallographical  and  optical  properties :   by   W. 

Haidinyer.     AVien.  Akad.  Ber.  xvii.  456. 
Amphibolite. — On  the  amphibolite  of  the   eastern  part   of  the 

mountains   of  Beaujolais :    by   AL.   Drouat.     Ann.   Min.    [5] 

viii.  307. 
Amygdalophyr. — On  amygdalophyr,  a  felsite  mineral  associated 

with  weissigite :   by  G.   Jensch.     Leonhard  and  Bronu's  N. 

Jahrb.  f.  ]Mineral.  &c.,  1855,  798. 
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Minerals:  Analcime. — Analysis  of  the  so-called  leucite  (analcimc) 

from  the  Kaiserstuhl,  in  the  Breisgau  :  hj  C.  Stamm.      Ann. 

Ch,  Pbarm.  xcix.  287 ;  Eemark  by  Dr.  Sandberner,  ibid.  288. 
Andalusite. — Andalusite  from  Katharinenberg,  near  Wunsiedel, 

from   Eobschatz,  near   Meissen,  and  from  Briiunsdorf,  near 

Freiberg :  by  E.  E.  Schmid.     Pogg.  Ann.  xcvii.  113. 
Arragonite. — On  earth-foam  or  aphrite  (Sehaumkalk)  as  a  pseudo- 

morph  of  arragonite :   by   G.  Bose.     Pogg.  Ann.  xcvii.  161 ; 

J.  pr.  Chem.  Ixvii.  309. 
Atacamite. — On  the  action  of  beat  upon  the  oxychloride  of  copper 

(atacamite)  :  by  F.  Field.     Chem.  Soc.  Qu.  J.  ix.  140. 
Basalt. — Experiment  on  basalt:  by  A.  Benscli.     Geol.  Soc.  Qu. 

J.  xii.  Pt.  II.  19. 

—  On   basalt   in    Silesia :    by   E.    Urhan.     AYien.    K.    K.    Geol. 

Eeichsanstalt,  1855,  312. 
Binnite. — On   binnite   from   the   Binnenthal:   by    Ch.    Seusser. 

Pogg.  Ann.  xcvii.  120. 
Bleiuiere. — On  a  substance  named -BZej7??ere  in  modern  treatises 

on  mineralogy:  by  N.  J.  Brooke.     Phil.  Mag.  [-4]  xii.  136. 
Bora  cite. — On  the   dense   boracite   of  Stassfurt :    by    G.   Bose. 

Pogg.     Ann.  xcviii.  632  ;  J.  pr.  Chem.  Ixviii.  110. 
Boronatrocalcite. — On  boronatrocalcite   from    South  America: 

by  C.  Bammelsherg.     Pogg.  Ann.  xcvii.  301;  Phil.  Mag.  [4] 

xi.  486. 
Brownspar. — Examination  of  brownspar  :  hj  Dr.  Ettling.     Ann. 

Ch.  Pharm.  xcix.  204. 
Calcite. — On  some  peculiar  specimens  of  calcite :  by  A.  Kenngoit. 

Pogg.  Ann.  xcvii.  310. 
Carnallite. — On  camallite:  by  S.  Bose.    Pogg.  Ann.  xcviii.  161. 
Coelestine. — On  coelestine  from  the  neighbourhood  of  Prohbujg. 

Yerhandl.  d.  naturf.  Oesellsch.  in  Basel.  1855,  295. 
Copper    Bismuth-glance. — On    copper   bismuth-glance    from 

\Vittichen :  by  B.  Schneider.     Pogg.  Ann.  xcvii.  470. 
Cryolite. — Occurrence  of  cryolite:  Pogg.  Ann.  xcnii.  5111. 

—  On  the  cryolite  of  Greenland :  by  J.  TV.  Tayler.    Phil.  Mag.  [4] 

xii.  551  ;  Geol.  Soc.  Qu.  J.  xii.  Pt.  I.  140. 
Date  lite.— Further  contributions  to  the  crystallographical  history 

of  datolite:  by  F.  H.  Schrceder.     Pogg.  Ann.  xcviii.  34. 
Davidsonite. — ]S'ote   on   the    " Davidsonite"    of    Thomson:    by 

Dr.  Reddle.     Phil.  Mag.  [4]  xii.  386. 
Diallage. — Analysis  of  diallage.     J.  pr.  Chem.  Ixvi.  448. 
Diamond. — On  the  black  diamond:  by  M.  Deseloizeaux.     Ann. 

Min.  [5]  viii.  304. 
Domite. — On  the  composition  of  domite  from  Puy-de-D6me  :  by 

G.  Lemnstein.     Pogg.  Ann.  xcviii.  163. 
Dopplesite. — On  dopplesite :  by  G.  A.   Kenngott.     "W'ien.  Geol. 

Jahrb.  iii.  303. 
Dufrenoysite. — On  the  dufrenoysite,  binnite,  and  adularia,   of 

the  Binnenthal:  by  Ch.  Seusser.     Pogg.  Ann.  xcvii.  115. 
Earth -foam. — On  earth-foam,  or  aphrite,  as  a  pseudomorph   of 

arragonite:    by    G.   Bose.      J.    pr.    Chem.    Ixvii.   308:    Pogg. 

Ann.  xcvii.  161. 
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Minerals:  Euclase.— Ou  the  composition  of  euclase:  bv  A.  Damour. 
Ann.  Min.  [5]  viii.  79. 
Felspar. — On   tlie   arrangement   of  tlie   crystala   of  quartz  and 
felspar   in   granitic   rocks :    by   J.  Durocher.      Compt.  rend, 
xliii.  29. 

—  On  the  composition  of  glassy  felspar:  by   G.  Leioimtein.     J. 

pr.  Chem.  Ixviii.  98. 
Fluor-spar. — On  remarkable  crystals  of  quartz  and  fluor-spar: 
by  A.  Kenngotf.     Min.  Notizen.  xiv.  20,  22 ;  Geol.  Soc.  Qu. 
J.  xii.  Ft.  II.  20. 

—  Action  of  phosphate  of  soda  on  fluor-spar  at  a  red  heat :    by 

a.  Briegleh.     Ann.  Ch.  Fharm.  xcvii.  95. 
Gralactite. — On  the  galactite  of  Haidinger :  by  Dr.  HedJle.    Phil. 

Mag.  [4]  si.  272. 
Gneiss. — On  the  red  and  grey   gneiss   of  the   Hartz :    by    G. 

Quincke.     Ann.  Ch.  Fharm.  xcix.  232. 
Granite. —  On    the   gTanites   of  the   S.   E.   of    Ireland:    by   ^S. 

Saughton.     Geol.  Soc.  Qu.  J.  xii.  Ft.  I.  171. 

—  On  the  gneiss  and  granite  of  central  Bohemia :  by  Hf.  Jolcely. 

Geol.  Soc.  Qu.  J.  xii.  Ft.  II.  5. 
Graphite. — Observations  on  grapliite:   by  B.  C.  Brodie.     Ann. 
Ch.  Fharm.  xcvii.  128. 

—  On  the  graphite  of  Kumaon  and  Trayancore.     Asiat.  Soc.  J. 

1855,  203. 

—  Crystalline  form  of  pure  native  graphite  :  by  J.  Lowe.     J.  pr. 

Chem.  Ixvi.  186. 
Gymnite. — On  the  gymnite  of  Fleims  :  by  W.  Haidinger.     AVien. 

Geol.  Jahrb.  iii.  607. 
Hornblende. — Analysis  of  hornblendes.     J.  pr.  Chem.  Ixvi.  450. 
Hypersthene. — Analysis  of  hypersthene.     J.  pr.  Chem.  Ixvi.  447. 
Johnstonite. — On  jolmstonite,  from  Transylvania.      Geol.  Soc. 

Qu.  J.  xii.  Fart  II.  10. 
Jaulingite. — On  jaulingite,  a  nevr  fossil  resin  from  the  Jauling, 

near  St.  Vert,  Lower  Austria :  by  V.  B.  v.  ZepMrovicli.    Wien. 

Akad.  Ber.  xvi.  Fart  II.  366. 
Junkerite. — Onjunkerite:  bv  ^.  Kenngott.     Min.  Xotizen,  xiv. 

13 ;  Geol.  Soc.  Qu.  J.  xii.  Fart  II.  20. 
Labrador. — Analysis  of  Labrador.     J.  pr.  Chem.  Ixvi.  447. 
Laumontite. — AJialysis  of  lauraontite,  from  the  Sarnthal,  near 

Botzen,  in   the  Tyrol :   by   II.    Gericlce.     Ann.    Ch.  Fharm. 

xcix.  110. 
Lcpidolite. — Advantageous   process    for    obtaining    lithia    from 

lepidolite:  by  C.  v.  Hauer.     J.  Fr.  Chem.  Ixviii.  310;  Chem. 

Gaz.  1856,  389. 
Leuchtenbergite. — On   leuchtenbergite   and   its   accompanying 

minerals :    hydrargyllite,   garnet,  perowskite,    magnetite,   tal- 

capatite,  &c.,'  (conclusion)  :  by  G.  H.  O.  Yolger.     Fogg.  Ann. 

xcvi.  559. 
Leucite. — On  the  composition  and  pseudomorphoses  of  leucite  : 

by  C  Bammelsherg.     J.  pr.  Chem.  Ixviii.  238. 

—  On  the  chemical  composition  of  leucite  and   its   products  of 

decomposition:  by  C.  Eainmehherg.     Fogg.  Ann.  xcviii.  142. 
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Minerals:  Leucophane. — Ou  the  identity  of  composition  of  leuco- 
phane  and  nieliuopliane,  and  on  some  new  compounds  from 
the  salt  bed  of  Stassfurth:  by  C.  Rammelsherg .  J.  pr.  Chem. 
Ixviii.  245.  Pogg.  Ann.  xcviii.  257. 
Lievrite. — Analysis  of  lievrite  from  Herbomseelbacli,  in  Nassau: 
hy  E.  Toller.     Ann.  Ch.  Pharm.  xcix.  122. 

—  On  the  lignites  of  the  Hansbruck,  Upper  Austria  :  by  Baron 

Hungerau.     Geol.  Soc.  Qu.  J.  xii.  Part  II.  10. 
Lignite. — On   the   Lignite   of    Kainach,    Styria:    by   Dr.   Rolle. 
Geol.  Soe.  Qu.  J.  xii.  Part  II.  7. 

—  On  the  products  of  the  dry  distillation  of  Ehenish  bituminous 

schist,  and  of  Saxon  and  Thuringiau  lignite,  together  with  their 
application  as  light-giving  materials :  by  H.  Volil.  Ann.  Ch. 
Pharm.  xcvii.  9  ;  xcviii.  181. 

—  On  the  products  of  the  dry  distillation  of  several  varieties  of  peat 

and  lignite:  by  F.  L.  Sonnenscliein.     J.  pr.  Chem.  Ixvii.  142. 

—  Analysis  of  the  lignite  of  Cludiuier,  in  Carnia :  by  F.  Filipuzzi. 

Wien.  Akad.  Ber.  xvii.  440 ;  J.  pr.  Chem.  Ixviii.  124. 
Limestone. — Analvsis   of   twenty-four    limestones    from    South 
Tyrol :  by  A.  v'  Hulerf.     Wien.  Geol.  Jahrb.  iii.  729. 

—  Simple  method  of  detecting  the  pi-esence  of  iron,  magnesia,  and 

manganese  in  dolomites,  marls  and  limestones:  by  M.  Delaiioue. 
Bull.  Soc.  Geol.  de  Prance,  1855,  361. — Bemarks  thereupon 
by  21.  Lassaigne,  ibid.  399. 

—  On  slaty  cleavage,  as  exhibited  in  the  Devonian  limestones  of 

Devonshire  :  by  H.  Sorly.     Phil.  Mag.  [4]  xi.  20. 
Magnesite. — On  a  new  locality  of  magnesite  in  Styria;   by  M. 
Fcetterle.     "Wien.  Geol.  Jahrb.  vi.  68. 

—  On  magnesite  and  the  economical  production  of  sulphate  of  mag- 

nesia :  by  M.  FoetterJe.     Geol.  Soc.  Qu.  J.  xi.  Part  II.  43. 
Manganese  Spar. — Analysis  of  manganese  spar  from  Oberueisen  : 

by  A.  Birnhaclier.     Ann.  Ch.  Pharm.  xcviii.  144. 
Marl. — Analysis  of  two  marls  from  the  Luneburg  :  by   W.  WicJce. 

Ann.  Ch.  Pharm.  xc^^i.  346. 
Melinophaue. — See   Leucophane. 
Mica. — On  the  pseudomorphous  mica  of  Lomnitz :  by  G.  v.  Rath. 

Pogg.  Ann.  xcviii.  280. 
Natroly te. — Analysis  of  Scotch  natrolites :  by  Dr.  Heddle.     Phil. 

Mag.  [4]  xi.  272. 
Opal. — On  hydrate  of  silica,  and  the  formation  of  opal  and  quartz  : 

by     O.  Masclilce.     J.  pr.  Chem.  Lxviii,  233. 
Pearlspar. — Examination  of  pearlspar :   by   Dr.   Ettlinq.     Ann. 

Ch.  Pharm.  xcix.  204. 
Parastilbite. — Ou  parastilbite,  anew  mineral  species  :  by  W.  S.  v. 

Waltershausen.     Pogg.  Ann.  xcix.  170. 
Pennine. — On  the  crystalline  form  of  peunine  :  by  Ch.  Heusser. 

Pogg.  Ann.  xcix.  174. 
Peridote. — Note  on  a  titaniferous  peridote  from  Pfunders,  in  the 

Tvrol :  by  M.  Damour.      Compt.  rend.  xii.  1151 ;  Ann.   Min. 

[5]  viii.  90. 
Phouolite. — Analysis  of  phonolite  from  the  Netzomitz  mountain 

in  Bohemia :  bv  J.  Jenzsch.     Pogg.  Ann.  xcix.  417. 
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Minerals:  Pianzite. — On  pianzite   from    Styria :    by  A.   Kenngolt. 

Geol.  Soc.  Qu.  J.  xii.  Part  II.  14. 
Pistomesite. — Examination    of    pistomesite :     by    I)r.    JEttling. 

Ann.  Ch.  Pharm.  xcix.  202. 
Pozzolano. — On   a  bed  of  pozzolano  recently  discovered  in  the 

Hante-Loire :  by  M.  Bertrand.     Compt.  rend.  xlii.  550. 
Pyrites — On  crystals  of  p3'rites  in  quartz  :  by  A.  Kenngott.    Pogg. 

Ann.  xcviii.  1G8. 

—  Analysis  of  arsenical  pyrites  and  white  iron  pyrites  (Wasserldes) : 

by  H.  Voqel,  Leonhard  and  Bronn's  N.  Jahrb.  f.  Mineral.  &c. 

1S55,  674. 
Pyrites,    Arsenical.^On    the   chemical    composition    of    some 

modifications   of    arsenical    pyrites   and    arsenical    ii'ou :    by 

G.  A.  Behncke.     Pogg.  Ann.  xcviii.  184. 
Quartz. — Formation  of  quartz :   by  O.  Masclilce.     J.  pr.   Chem. 

kviii.  233. 
— "Formation  of  quartz  in  the  wet-waj'.     J.  pr.  Chem.  Ixvii.  191. 

—  On   an   irregular   crystallisation  of  quartz :    by   A.   Kenngott. 

Pogg.  Ann.  xcvii.  628. 

—  On  remarkable  crystals  of  quartz  and  fluor-spar:  by  A.  Kenngott. 

IMin.   Notizen,   xiv.    20,   22;    Oeol.   Soc.    Qu.   J.   xii.    Part 
II.  20. 

—  On  some  faces  of  quartz  :  by  WehsJcj.     Pogg.  Ann.  xcix.  296. 

—  On  the  arrangement  of  crystals  of  quartz  and  felspar  in  granitic 

rocks  :  by  J.  Duroclier.     Compt.  rend,  xliii.  29. 
lihodonite, — On  the  crystalline   form  of  rhodonite:   by  B.  P. 

Greg.     PhH.  Mag.  [4]  xi.  196. 
Hock -crystal. — Xew  mode  of  determining  whether  the  faces  of  a 

plate  of  rock-crystal  which  are  parallel  to  each  other,  are  also 

parallel  to   the  crystallographic   axis   or   inclined  to   it :    by 

a.  Soleil.     Pogg.  Ann.  xcvii.  155. 
Sandstone. — Analysis  of  Craighleith  sandstone:  by  T.  Bloxam, 

with  a  preliminary  note  by  Prof.   Wilson.     Proc.  Eoy.  Soc. 

Edinb.  iii.  390. 
Saussurite. — Analysis  of  Saussurite.     J.  pr.  Chem.  Ixvi.  450. 
Schist. — On   the   products   of    the   dry   distillation   of    Ehenish 

bituminous  schist :  by  li.  Void.     Ann.  Ch.  Pharm.  xcviii.  181. 
Serpentine. — On  serpentine  rock:  by  A.  A.  Hayes.     SHI.  Am. 

J.  [2]  xxi.  382. 

—  On  serpentines  and  soapstones  :  by  S.  Saughton.     Phil.  Mag. 

[4]  X.  253  ;  J.  pr.  Chem.  Ixvii.  383. 
Siderite. — On  some  crystalline  forms  of  siderite  :  by  A.  Kenngott. 

Pogg.  Ann.  xc\'ii.  99. 
Soapstone. — See   Serpentine. 
Steatite. — On  the  so-called  steatite:  by  G.  Bammelsherg .     Pogg. 

Ann.  xc%ai.  300  ;  Phil.  Mag.  [4]  xi.  407. 
Stilpnomelane. — Xew  observations  on  the  occurrence  of  stilpno- 

melane:  by  E.  F.  Glockcr.     Wien.  Akad.  Ber.  xvii.  401. 
Strontianite. — On  strontianite,  from  Eadoboj  in  Hungary:  by 

W.  Haidinger.     Wien.  geol.  Jalu'b.  iii.  606. 
Tachhydrite. — On  tachhydrite,  a  new  mineral  from  the  rock  salt 

of  Stassfurth  :  by  C-  liammehhcrg . 


IN    BRITISH   AND    FOREIGN   JOURNALS.  349 

INIinorals:  Tailtalite. — Zirconiferous   tantalite    from    Limoges:    bj 

C.  Jenzsch.     Pogg.  Ann.  xcvii.  104. 
Tautoclin. — Examination  of  tautoclin :    hy  Dr.   Ettling.      A.nn 

Ch.  Pharm.  xcix.  20i. 
Tennaiitite. — Ou  tennantite.  a  new  mineral:  bv  W.  J.  Taylor 

Sill.  Am.  J.  20,  412 :  J.  pr.  Chem.  Ixvii.  192.  " 
Tertiary  strata. — On  the  tertiary  strata  of  the  Caucasus  and  tlie 

adjoining  countries.     Ou  rock-salt  and  its  origin  in  tertiary 

strata  :  by  M.  Ahich.     Compt.  rend,  xliii.  227. 
Torbanehill  mineral. — On  the  nature  and  distillation  products 

of  the  Torbane-hill  mineral :  by^.  Geuther.   Ann.  Ch.  Pharm. 

xcvii.  277. 
Tourmaline. — On   the   electric   properties   of   the   tourmaline: 

by  JSL.   Gaugain.     Compt.  rend.  xlii.  1264. 
Tyrite. — On  the  mineral  called  tyrite :  by  A.  Kenngott.     Pogg. 

Ann.  xcvii.  622. 
Vanadiate   of  Lead. — On  the   crystalline   form   and  chemical 

composition  of  native  vanadiate  of  lead :  by  C.  Bammelsherg. 

J.  pr.  Chem.  Ixviii.  244;  Pogg.  Ann.  xcviii.  249. 
Yanadinite. — On  the  composition  of  vanadinite  :  by^.  Kenngott. 

Pogg.  Ann.  xcix.  95. 
Vesuvian. — On  the  quantity  of  water  in  vesuvian:  by  G.  Magnus. 

J.  pr.  Chem.  Ixviii.  310. 
Vivianite. — Occurrence    of    vivianite    in    human    bones    in    a 

cemetery:    bv   J.   XicMes.     Compt.  rend.  xh.    1069;    Chem. 

Gaz.  1S56,  246  ;  J.  Pharm.  [3]  xxix.  94 ;  Sill.  Am.  J.  [2]  xxi. 
—  On  the  composition  of  vivianite  from  Kertsch,  and  of  blue  iron 

ore :  by  H.  Struve.     J.  pr.  Chem.  Ixvii.  302. 
Voigtite. — On  voigtite,   a  new  mineral   from   Ehrenberg,   near 

Ilmenau :  by  E.  E.  Schnid.     Pogg.  Ann.  xcvii.  108. 
Volknerite. — On  the  volknerite  of  Snarum  :  bv  C.  Eammelsberg. 

Pogg.  Ann.  xcvii.  296 ;  Phil.  Mag.  [4]  xi.  407. 
Zeolites. — Xote  on  a  zeolite  mineral  from  the  Isle  of  Skye :  by 

J.  W.  Mallet.     Phil.  Mag.  [4]  xii.  406  ;  Sill.  Am.  J.  [2]  xxii. 

179. 
Zircons. — On  the  presence  of  zircons  in  the  tertiary   sands   of 

Soret :  by  M.  de.  Serves.     Compt.  rend.  xlii.  434. 
Molluscs. — On  the  nature  of  the  liquid  with  which  molluscs  repair 

their  shells  :  by  M.  de  Serves.     Compt.  rend.  xlii.  822. 
Molybdenum. — On  molybdate  of  ammonia  as  a  test  for  phosphoric 

and  arseiuc  acid  :  by  M.  Becliamp.     J.  Pliarm.  [3]  xxix.  15 ; 

Chem.  Trans,  xv.  429. 
On  the  compounds  of  phosphomolybdic  acid  with  certain  bases:  by 

Max  Seligsolin.     J.  pr.  Chem.  Ixvii.  470. 
Monarda. — On  a  colouring  matter  extracted  from  the  Monarda  didgtna. 

(Linn.)  by  M.  BeJhomvie.     Compt.  rend.  xlii.  382. 
Mortar. — On  hydraulic  mortars  :  by  ^.  WinMer.     J.  pr.  Chem.  Ixvii. 

444. 
Muscles. — Eesearches  on  the  composition  of  the  muscles  in  the  dif- 
ferent grades  of  the  animal  series:  by  Valenciennes  and  Fremy. 

J.  Pharm.   [3]  xxviii.  401;  Chem.  Gaz.  1856,  131;  SiU.  Am. 

J.  [2]  xxii.  9. 
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Muscular  contraction. — Researches  on  the  physical  and   chemical 

phenomena  of  muscular  contraction:  by  Ch.  Matteueci.     Ann. 

Ch.  Phys.  xlvii.  129;  Compt.  rend,  xlii."  648. 
Mushroom. — Chemical   examination  of  the   edible   mushroom,   with 

observations  on  its  nutritive  value :  hj  J.  Lefort.     J.  Pharm. 

[3]  xxix.  190  ;  Compt.  rend.  xlii.  90. 
On  ozone  and  ozonic  actions  in  mushrooms :  by  C.  F.  Schonbein. 

Phil.  Mag.  [4]  xi.  187 ;  J.  pr.  Chem.  Ixvii.  497. 


Naphtha. — On  Burmese  naphtha,  or  Eangoon  tar;  by  Warren  cle  la 

Rue  and  Iluf/o  Iluller.     Proc.  Koy.  Soc.  viii.  221. 
Naphthalamine. — On    the    metamorphoses   of    naphthalamine :    by 

A.    W.    Hofmann.     Proc.   Eoy.    Soc.   viii.    10 ;    Chem.    Gaz. 

185G,  119  :  Phil.  Mag.  [4]  xii.  226. 
Action  of  chloride  of  cyanogen  on  naphthalamine :   hy   JV.    IT. 

PerMn.     Chem.   Soc.  Qu.   J.  ix.  8;  Ann.  Ch.  Pharm.  xcviii. 

236. 
Naphthaline. — On  some  new  colouring  matters,  derivatives  of  dini- 

trobenzole   and   dinitronaphthaline :    by  A.    H.    Church  and 

W.  11.  Perhin.     Chem.  Soc.  Qu.  J.  ix.  1. 
Naphthalin. — On  some  derivates  of  naphthalin :  by  L.  Dusart.     Ann. 

Ch.  Pharm.  xcvii.  138. 
Naphthyl. — On  ethylonaphthylamine :  by  H.  LimjjricM.     Ann.  Ch. 

Pharm.  xcix.  117;  Chem.  Soc.  Qu.  J.  ix.   264;  Chem.  Graz. 

1856,  332. 
Naphthylamine. — On  the  action  of  nitrous  acid  upon  naphthy lamina : 

by  L.  Chiozza.     Ann.  Ch.  Pharm.  xcix.  240. 
Narcotine. — Test  for  narcotine.     Pharm.  J.  Trans,  xvi.  312. 
jS'ickel. — On  the  separation  of  protoxide  of  nickel  from  sesquioxide  of 

iron :  by  Ph.   Schivarzenherg.     Ann.   Ch.  Pharm.  xcvii.  216  ; 

Chem.  Gaz.  1856,  133. 
On  sulphate  of  nickel :  by  C.  Marignac.     Ann.  Ch.  Pharm.  xcvii. 

294  ;  Chem.  Gaz.  1856,  250. 
Niobium. — Eesearches  on  niobium:  by  R.  Hermann.     J.  pr.  Chem. 

Ixviii.  65. 
Nitrates. — What  is  the  function  of  nitrates  in  the  economy  of  plants  ? 

On  some  new  methods  of  estimating  nitrogen  in  nitrates  in 

presence  of  organic  matters:    by  G.   Ville.     Ann.  Ch.  Phys. 

[3]  xlvi.  314 ;  Compt.  rend,  xliii.  85,  612. 
Eeport  on  a  memoir  by  31.  O.  Ville,  on  the  function  of  nitrates  in 

the  economy  of  plants  :  by  M.  Pelouze.     Compt.  rend.  xlii. 

679. 
On  the  absorption  of  ammonia  and  nitrates  by  cryptogamic  plants  : 

by  A.  B.  Bineau.     Ann.  Ch.  Phys.  [3]  xlvi.  60. 
Volumetric  determination  of  nitrates  by  silver:  by  C.  Mohr.    Ann. 

Ch.  Pharm.  xcix.  197. 

Onbatiic  mercuric  nitrate :  by  M.  Bitten.    J.  Pharm.  [3]  xxix.  160. 

]Sfitre. — Formation  of  nitre  in  Hungary.     AVieu.  geol.  Jahrb.  iii.  324, 

453. 
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JSitre. — On  the  origin  of  nitre:  by  M.  Desmarest.  Compt.  rend,  xliii. 
SO,  yi6;  Chem.  Gaz.  1856,  330. 

IN'ote  on  two  algre  which  came  into  existence  daring  the  experi- 
ments of  M.  Boussingault,  on  the  action  of  nitre  on  vegetation : 
by  M.  Montayne.     Compt.  rend.  xlii.  75G. 

Contributions  to  the  history  of  nitric  acid,  with  especial  reference 

to  the  valuation  of  nitre :  by  F.  A.  Abel  and  C.  L.  Bloxam. 
Chem.  Soc.  Qu.  J.  ix.  97. 

Poisoning  by  nitre.     J.  Pharm.  [3]  xxix.  123. 

On  the  so-called  Austrian  valuation  of  nitre,  and  on  the  detec- 
tion of  nitrate  of  soda  in  common  nitre  :  by  F.  Joel.  Ann. 
Ch.  Pharm.  c.  78. 

!N"itric  oxide. — On  the  action  of  nitric  oxide  gas  on  anhydrous  sulphu- 
ric acid  :  by  ^.  Bruning.  Ann.  Ch.  Pharm.  xcviii.  377;  Chem. 
Gaz.  1856,  301. 

Nitrification. — Remarks  on  nitrification ;  by  G.  F.  Sclionlein.  Phil. 
Mag.  [4]  xii.  457. 

Nitrites. — On  the  action  of  sulphuric  acid  on  the  amides  and  nitriles: 
by  G.  B.  BucTcton  and  A.  W.  Sofmann.  Chem.  Soc.  Qu.  J. 
ix.  241 ;  Proc.  Eov.  Soc.  vii.  344,  viii.  158  ;  Chem.  Gaz.  1856, 
58,  305;  Phil.  Mag.  [4]  xi.  549  ;  Ann.  Ch.  Phys.  [3]  xlvi.  366. 

Nitrogen. — New  method  of  estimating  nitrogen  in  nitrates.  Expe- 
riments showing  that  nitrate  of  potash  is  decomposed  by  plants, 
and  that  for  an  equal  quantity  of  nitrogen,  nitrate  of  potash 
acts  more  strongly  than  sal-ammoniac :  bv  G.  Ville.  Compt. 
rend.  xli.  938. 

Researches   on   the   distribution  of  nitrogenous  matters   in   the 

various  parts  of  the  beet  plant :  by  J.  Pierre.  Compt.  rend, 
xlii.  715. 

Experimental  researches   on   nitrification,  and  on  the  source  of 

nitrogen  in  plants  :  by  M.  Cloez.     Compt.  rend.  xli.  935. 

Eesearches  on  the  assimilation  of  atmospheric  nitrogen  by  plants  : 

by  M.  Harting.     Compt.  rend.  xli.  942. 

Volumetric   determination   of  nitrogen   by   silver :  by   C.    Molir. 

Ann.  Ch.  Pharm.  xcix.  197. 

On  the  action  of  the  oxygen-compounds  of  nitrogen  on  iodide  of 

potassium  in  presence  of  water :  by  JLT.  BecJiamp.  Compt. 
rend,  xliii.  388. 

On  a  new  series  of  oi'ganic  acids  containing  nitrogen :  by  E.  Frank- 
land.     Ann.  Ch.  Pharm.  xcix.  342. 

On  the  specific  volumes  of  azotised  compounds :  by   H.   Kopp. 

Ann.  Ch.  Pharm.  xcvii.  374  ;  c.  19. 

Nutrition. — Eesearches  on  the  chemical  composition  and  the  nutritive 
equivalents  of  the  food  of  man  (cereals  and  leguminosse)  :  by 
M.  Poggiale.  Compt.  rend,  xliii.  370;  J.  Pharm.  [3]  xxx. 
180,  255. 

On   the   composition  and  nutritive  value  of  certain   residues  of 

manufacturing  processes,  used  as  fodder  in  rural  economy  :  by 
H.  Bitthatisen.     .7.  pr.  Chem.  Ixvi.  289. 

I.  Eesidue  of  the  distillation  of  spirit  from  potatoes,  p.  289. 
TI.  Residue  of  the  distillation  of  spirit  from  barley,  p.  308. 
III.  Brewing  residues,  p.  311. 
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Nutrition. — On   the  use   of   horse-flesh   as   food :    by    Is.    Geo^roy 

St.  Hilaire.     Compt.  rend,  xliii.  455. 
Nux  vomica. — On  a  new  method  of  extracting  the  alkaloids  contained 

in  nux  vomica  without  alcohol :  by  J.   Horsley.     Pharm.   J. 

Trans,  xvi.  179. 
On  powder  of  uux  vomica:  by  N.  Gilles.    J.  Pharm.  [3]  xxix.  220. 


0. 


Oat-galls. — English  oak-galls  :  by  Dr.  Vmen.     Pharm.  J.  Trans,  xvi. 

137. 
Oil-painting. — Experimental  researches  on  oil-painting:  hj  JS.  Cliev- 

reul     Ann.  Ch.  Phys.  [3]  xlvii.  209. 
Oils. — On   a  new   substance  called  ivood-oil,   which   may    serve  as  a 

substitute  for  balsam  of  copaiba :  by  7).  Hanhury.     Pharm.  J. 

Trans,  xv.  321 ;    J.  Pharm.  [3]  xxii.  289. 

On  wood-oil :  by  M.  Guibourt.     J.  Pharm.  [3]  xxx.  189. 

Note  on  the  oils   used  in  the  preparation   of  Turkey   red :   by 

M.  Pelouze.     Letter  of  M3L  Henry,  on  Turkey  red ;  Compt. 

rend.  xlii.  1196. 

Note  on  iodised  oil :  by  31.  Hugouneng,     J.  Pharm.  [3]  xxix.  214. 

On  sweet  oil  of  wine :  by  C.  Blondeau.     J.  Pharm.  [3]  xxix.  249, 

344,  424. 
On  a  new  acid  obtained  by  the  oxidation  of  hydrate  of  oil  of  tur- 
pentine :  by  J.  Fersonne.     Ann.  Ch.  Pharm.  c.  253. 
Oil  of  cotton  seed  and  oil  of  pignut  hiccory.     Pharm.  J.  Trans. 

xvi.  334. 
On  Eguse  oil,  a  vegetable  product  from  West  Africa :  by  W.  F. 

Daniell.     Pharm.  J.  Trans,  xvi.  307. 
On  the  preparation  of  drying  oil:  by  i2.    Wagner.     Chem.  Gaz. 

1856,  437. 
On  para-nut  oil :  by   Q.   C.   Caldwell.     Ann.   Ch.  Pharm.  xcviii. 

120. 
Oils,  Volatile. — The  mutual  action  of  chromic  acid  and  the  volatile 

oils:  by  J.  T.  Pluimner.     Pharm.  J.  Trans,  xvi.  130. 
On  some  processes  relating  to  the  analysis  of  essential  oils :  by 

M.  Bertlielot.     J.  Pharm.  [3]  xxviii.  450. 
On  the  artificial  production  of  oil  of  cinnamon.     Compt.  rend.  xlii. 

222;  Chem.  G-az.  1856,88. 
On    the    essential    oil    contained    in    essence    of    madder :     by 

M.  Jeanjean.     Compt.  rend.  xlii.  857 ;  Eemarks  by  M.  Blot, 

ibid.  859. 
On  the  essence  of  merbane,  commonly  called  artificial  essence  of 

bitter  almonds:  by  M.  Wagner.     J.  Pharm.  [3]  xxviii.  486. 
Artificial  production  of  oil  of  mustard  :  hj  Berthelot  and  De  Luca. 

Ann.  Ch.  Pharm.  xcvii.  126. 
Adulteration    of   oil    of    anise    with    alcohol :    by    W.    Procter. 

3.  Pharm.  [3]  xxix.  218. 
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Oils,    Volatile. — Eesearehes    on   the    volatile    oil    of    templin :    by 

M.  Fluckiger.     J.  Pharm.  [3]  xxix.  39. 
Kesearches   on   oil    of   turpentine ;    new   acid   obtained  by   the 

oxidation  of  hydrate  of  turpentine :  by  M.  Personne.     Compt. 

rend,  xliii.  653  ;  Chem.  Gaz.  1856,  371. 
Action  of  nitric  acid  upon  oil  of  turpentine :  by  L.  Svmtberg  and 

F.  L.  Ekman.     J.  pr.  Chem.  Ixvi.  219. 
Poisoning  by  vapours  of  turpentine :   by  M.  de  Galvi.     Compt. 

rend.  xli.  1041. 
Action   of   turpentine-vapours  when   inhaled :    by   M.   Letelier. 

Compt.  rend.  xlii.  243. 
On  the  hydrates  of  oil  of  turpentine :  by  M.  Berthelot.     J.  Pharm. 

[3]  xxix.  28. 
Ononis. — On  the  root  of  Ononis  spinosa :  by  H.  Hlasiwetz.     J.  pr. 

Cheui.  Ixv.  419;  Ann.  Ch.  Phys.  [3]  xlvi.  374. 
Opium. — On  certain  constituents  of  opium:   by  T.  Anderson.     Ed. 

Phil.  Trans,  xxi.  Pt.  I.  204;   Ann.  Ch.  Pharm.  xcviii.  44; 

Chem.  Soc.  Qu.  J.  ix.  273. 

Indigenous  opium.     Pharm.  J.  Trans,  xv.  430. 

Organic  Compounds. — On  the  history  of  organic  compounds  con- 
taining metals  :  by  E.  Frankland.   Ann.  Ch.  Pharm.  xcix.  333; 
Organo-metallic  Bodies. — Researches  on  the  organo-metaUic  bodies. 

Third  Memoir.     On  a  new  series  of  organic  acids  containing 

nitrogen :  by  E.  Frankland.     Proc.  E-oy.  Soc.  viii.  198  ;  Ann. 

Ch.  Pharm.  xcix.  342. 
Organic  Substances. — Testing  of  various  organic  substances  with 

sulphuric    acid    and    bichromate    of  potash :    by   M.    Eholi. 

Chem.  Gaz.  1856,  251. 
Ostrich. — Analysis  of  the  egg-shell  of  the  ostrich  :   by    W.    Wicke. 

Ann.  Ch.  Pharm.  xcvii.  350. 
Oxalates. — On  the  oxalates :  by  A.  Vogel,  Jun.   Bayer,  Akad.  Abhandl. 

1855,  667. 

On  the  oxalates  of  the  alkalis  and  alkaline  earths :  by  A.  Souchay 

and  E.  Lenssen.     Ann.  Ch.   Pharm.   xcix.   31;    Chem.  Gaz. 

1856,  385. 

On  oxalate  of  lime:  by  E.  E.  Schmid.     Ann.  Ch.  Pharm.  xcvii. 

225. 
On    the   solubility   of  oxalate   of  lime  in   phosphoric   acid :    by 

G.  Neuhauer.     Ann.  Ch.  Pharm.  xcix.  223. 
Oxamates. — On  the  oxamates:  by   P.  J.  Engstrom.      J.  pr.   Chem. 

Ixviii.  433. 
Oxides. — On  the  various  methods  of  determining  the  basic  power  of 

an  oxide  (conclusion)  :  by  H.  Rose.     Pogg.  Ann.  xcvi.  650. 
On  the  reduction  of  some  oxides  and  chlorides  by  glucose :  by 

B.  Bottger.     J.  Pharm.  [3]  xxxix.  479. 
Oxychlorides. — On  the  oxychlorides :  bv  W.  Casselmann.     Ann.  Ch. 

Pharm.  xcviii.  213 ;  Chem.  Gaz.  1856,  364. 
Oxygen. — Researches  on  oxygen  in  the  nascent  state:  by  A.  Houzeau. 

Compt.  rend,  xliii.  34 ;  Pogg.  Ann.  xcix.  165 ;  J.   Pharm.  [3] 

XXX.  342. 
On  the  relations  between  certain  compounds  differing  by  H^  and 

Oj :  by  Sterry-Hunt.     Compt.  rend.  xli.  1167. 

2   A 
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Oxygen. — On  the  action  of  organic  bodies  upon  oxygen:  by  M.  Phipson. 

Compt.  rend,  xliii.  864. 
On  the  condition  of  the  oxygen  absorbed  into  the  blood  during 

respiration:  bv  G.  Harley.     Proc.  Eoy.  Soc.  viii.  78;  Chem. 

Oaz.  1856,  196. 
On  the  preparation  of  oxygen:  by  G.  Hornshy.     Pharm.  J.  Trans. 

XV.  352;  also  by  S.  M.   Witt,  ibid.  411,  503;  also  by  Mr. 

Brown,  ibid.  469 ;  see  further  J.  Pharm.  [3]  xxx.  46. 
Ozone. — On  the  constitution  and  properties  of  ozone  :  by  T.  Andrews. 

Phil.  Trans.  1856,  i.  3;  Chem.  Soc.  Qu.  J.  ix.  168;  Ann.  Ch. 

Pharm.  xcvii.  371 ;  Pogg.  Ann,  xcviii.  635 ;  Ann.  Ch.  Phys. 

[3]  xcra.  181. 

On  the  ozone-question :  by  F.  M.  Banmert.    Pogg.  Ann.  xcix.  88. 

Formation  of  ozone.     Pogg.  Ann.  xcviii.  511. 

On  the  quantity  of  ozone  in  the  acid  formed  by  the  slow  com- 
bustion of  phosphorus  in  the  air.     Pogg.  Ann.  xcix.  478. 
On  the  formation  and  sources  of  atmospheric  ozone  :    by  M.  ScoU' 

tetten.     Compt.  rend,  xliii.  93. 
On  atmospheric  ozone ;   remarks  on  a  recent  communication  by 

M.  Chez :  by  AL.  Scoutetten.     Compt.  rend,  xliii.  216. 
On  the  preparation  of  ozonised  oxygen  from  oxide  of  silver :  by 

a  F.  Schonhein.     J.  pr.  Chem.'lxvi.  280. 
Observations  on  ozone :  by  j\I.  Bineau.     Compt.  rend,  xliii.  162  ; 

Phil.  Mag.  [4]  xi.  324. 
On  ozone,  and  ozonic  actions,  in  mushrooms :  by  O.  F.  Schonhein. 

Phn.  Mag.  [4]  xi.  137 ;  J.  pr.  Chem.  Ixvii.  497. 

On  ozonised  oxygen :  by  C.  F.  Schonhein.     J.  pr.  Chem.  Ixvi.  286. 

On  iodide  of  potassium  as  a  test  for  ozone  :  by  S.  Cloez.     Compt. 

rend,  xliii.  38 ;  Phil.  Mag.  [4]  xi.  237. 
On  the  reaction  of  Ozonised  oil  of  turpentine  and  ether,  on  arsenic 

and  antimony:  by  C.  F.  ScJionheiti.     J.  pr.  Chem.  IxW.  272. 
Influence  of  the  proportion  of  ozone  in  tlie  air  on  the  sanitary 

condition  of  a  country :  by  M.  Wolf.     Compt.  rend.  xUi.  944. 
Ozonometric  observations  made  with  Schonbein's  paper  round  the 

palace  of  St.    Cloud:  by  M.   Berigny.      Compt.   rend.   xlii. 

1115. 
Ozone-observations  in  the  year  1855  :  by  i?.  Wolf.     Pogg.  Ann. 

xcvii.  640. 
Eemarks    on    the   relative    value    of  the    ozonometers    of  Drs. 

Schonhein  and  Moffat:   by   T.  H.  Barker.     Phil.   Mag.   [4] 

xi.  518. 
On  ozone-hydrogen  :  by  G.  Osann.     Pogg.  Ann.  xcviii.  181. 


Painting. — Experimental  researches  on  oil-painting:  hv  E.   Chevreul. 
Ann.  Ch.  Phys.  [3]  xlvii.  209. 
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Pancreatic    Juice. — On  the   digestion  and  absorption  of  fatty  sub- 
stances w-itliout  the  aid  of  the  pancreatic  juice:  by  31.  Colin. 

Conipt.  rend,  xliii.  55. 
Paraffin. — On  paraffin:  by  Fr.  Filipuzzi.     J.   pr.  Ohem.  Ixviii.   GO; 

Wien.  Aliad.  Ber.  xvii.  425. 
Peat. — On  the  products  of  the  dry  distillation  of  several  varieties  of 

peat   and   lignite :    by    F.    L.    Sonnenschein.     J,    pr.    Chem. 

kvii.  142. 
Experiments  made  "with  a  view  to  determine  the  comparative  value 

of  peat  aud  peat-charcoal  for  agricultural  purposes:  by  F,  TV. 

Davy.     Phil.  Mag.  [4]  xi.  172. 
Pepsine. — On  pepsine :  by  M.  Bov.dault.     J.  Pharm.  [3]  xxx.  161. 
Perfumes. — On  the  nature  of  perfumes,  and  on  some  flowers  which 

might  be  cultivated  in  Algeria:   by  M.  Millon.     J.  Pharm. 

[3]  xxx.  281. 
Phaseomannite. — On  phaseomannite,  a  new  kind  of  sugar  contained 

in  the  unripe  pods  of  Phaseolus  vulgaris  :  bv  H.  Vohl.     Ann. 

Cb.  Pharm.  xcix.  125;  Chem.  Gaz.  1856,  331. 
Phenyl. — Triphenylamiue,  a  product  of  the  decomposition  of  the  acid 

sulphite  of    ciunamic  aldehyde-ammonia :    by  A.   Gossmann. 

Ann.  Ch.  Pharm.  c.  57. 
Phloretin. — On  phloretin  :  by  H.  Hlasiicetz.     Wien.  Akad.  Ber.  x\\\. 

382  :  Chem.  1856,  81.     J.  pr.  Chem.  Ivii.  105. 
Phorone. — On  phorone :  by  L.  Bodart.     Compt.  rend,  xliii.  394. 
Phosphates. — On   the   influence  of  the   pi'oportion   of  phosphate  of 

lime  in  the  food  on  the  formation  of  the  callus :  by  A,  Milne- 

Fdwards.     Compt.  rend,  xlii.  631. 
On  tribasic  phosphate  of  soda :  by  M.    Groves.     J.  Pharm.  [3] 

xxix.  284. 
On  phosphate  of  soda  and  lithia,  and  the  quantitative  estimation 

of  lithia :  by  W.  Mayer.     Ann.  Ch.  Pharm.  xcviii.  193 ;  Ann. 

Ch.  Phys.  [3]  xlvii.  288. 
Action   of  pliosphate  of  soda   on  fluor-spar  at  a   red  heat :    by 

H.  Briegleh.     Ann.  Ch.   Pharm.  xcvii.  95  ;  Chem.  Gaz.  1856, 

149. 
On  the  earthy  phosphates  of  the  lu'ine  :  by  C.  Neubauer.     J.  pr. 

Chem.  Ixvii.  65,491 ;  Chem.  Gaz.  1856," 204. 
On  some  ferroso-ferric  phosphates  :  by  G.  Jenzsch.     Pogg.  Ann. 

xcviii.  629. 
On  blue   ferroso-ferric  phosphate :    by    C.   G.   Wittstein.      Pogg. 

Ann.  xcvii.  158. 
On  the  manufacture  of  the  superphosphates  :  by  A.  Miiller.  Chem. 

Gaz.  1856,  236. 
On  the  superphosphate  of  decomposed  bones :  by  W.  Wiclce.  Ann. 

Ch.  Pharm.  xcix.  97 ;  Chem.  Gaz.  1856,  333. 
On  a  new  deposit  of  phosphate  of  lime:  by  M.  ALergy.     Compt. 

rend,  xliii.  757. 
Phosphides. — On   metallic  phosphides:   by  S.   Hvoslef.     Ann.   Ch. 

Pharm.  c.  99. 
Phosphorescence.  —  See  Light. 
Phosphorus. — Improved  process  for  the  manufacture  of  phosphorus  : 

by  Ruffo  Fleck.     Chem.  Gaz.  1850,  279. 

2  A  2 


356  TITLES    OF    CHEMICAL    PAPERS 

Phosphorus, — On   the   manufacture   of  phosphorus:    by   M.    Fleck. 

J.  Pharm.  [3]  xxx.  399. 
On  the  crystalline  form  of  phosphorus  :  by  JE.  MitscJierlich.    Pogg. 

Ann.  xcviii.  54=7 ;  J.  pr.  Chem.  Ixvi.  268 ;  Ann.  Ch.  Phys.  [3] 

xlvi.  308. 
On    phosphorus   and    its    preparations:    by    A.    Chevalier    and 

O.  Henry.     Compt.  rend.  xlii.  341. 
Detection  of  phosphorus  in  cases  of  poisoning:  hv  Tl.  Mitsclierlich. 

J.   Pharm.    [3]  xxix.  353;    J.  pr.    Chem.   Ixvi.   238;  Chem. 

(xaz.  1S56, 115. 
Action   of  red   phosphorus   on  the   animal  economy :    by  MM. 

Orjila  and  Eiyout.     Compt.  rend.  xlii.  201;  also  by  A.  Chevalier, 

ibid.  272. 
On    the   purification  of  amorphous  phosphorus :    by  E.  NicMes. 

Compt.  rend.  xlii.  616  ;  Chem.  Gaz.  1856,  195  ;  J.  Pharm.  [3] 

xxix.  331;  Sill.  Am.  J.  [2]  xxii.  244. 
On  the  action  of  pentacbloride  of  phosphorus  on  the  fixed  acids 

which  give  rise  to  the  formation  of  pyro-acids :  by  L.  Bodart. 

Compt.  rend.  xlii.  391. 
Eesearches  on  some  new  phosphuretted  bases :  by  A.  Cahours  and 

A.    W.  Hofmann.     Chem.  Gaz.  1856,  10 ;  Compt.  rend.  xUii. 

1092. 
On  the  compounds  of  phosphorus  with  ethyl :  by  F.  Berle.     Ann, 

Ch.  Pharm.  xcvii.  334. 
Photography. — On  heliographic  engraving  on  marble  and  lithographic 

stone :  by  Niepce  de  St.  Victor.     Compt.  rend,  xliii.  874,  912  : 

Eemarks  by  M.  Ghevreul,  ibid.  914. 
Photographic  examination  of  the  solar  spectrum  :  by  W.  GrooTces. 

Pogg.  Anu.  xcvii.  616. 
On   the    method    of  preserving    the    sensitiveness    of    collodion 

plates :  by   J.   Spillei'  and   W.   Croohes.     Phil.   Mag.    [4]  xi. 

334. 
Photographical  experiments :  by  C.  H.  L.  v.  Balo.     Pogg.  Aim. 

xcvii.  499. 
On   the   application    of    the    light    of    sulphur    or    phosphorus 

burning   in  oxygen,   to  the  production    of  photographs :    by 

R.   Bottger.     J.   pr.    Chem.   Ixviii.   363.     Pharm.    J.   Trans. 

xvi.  223. 
Conditions    of  success   and   causes   of  failure    in    photography. 

Pharm.  J.  Trans,  xv.  560. 
New  process  of  photographic  engraving  and  printing :  by  MM. 

Harville  and  Pont.     Compt.  reud.  xli.  966. 
Transference  of  photographic  pictures  upon  stone  :  by  M.  Poitevin. 

Compt.  rend.  xlii.  20. 
On   photographic  iodide  of  lead :    by   M.   Bou^sieu.     Ann.    Ch. 

Phys.  [3]  xlvii.  154. 
Photometer. — See    Light. 
Pigments. — Composition  of  two  mineral  pigments:  by  T.  H.  Rowney. 

Ed.  N.  Phil.  J.  [X.S.]  ii.  306. 
Plants. — On  the  function  of  nitrates  in  the  economy  of  plants:  by 

G.    rule.     Ann.   Ch.  Phys.  [S]  xlvi.  314;  Compt.  rend.  xh. 

987  ;  xlii.  85,  612. 
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Plant-ash. — See  Ash. 

Researches    on    the    assimilation    of   nitrogen    by    plants :    by 

M.  Hurting.     Conipt.  rend.  xli.  942. 
Experimental  researches  on   nitrification,   and  on  the  source  of 

nitrogen  in  plants :  by  M.  Cloez.     Compt.  rend.  xli.  935. 
Experiments  showing  that  nitrate   of  potash    is   decomposed  by 

plants,  and  that  for  an  equal  quantity  of  nitrogen,  nitrate  of 

potash  acts   more  strongly  than  sal-ammoniac :  by  G.    Ville. 

Compt.  rend.  xli.  938. 
Exjjerimental  researches  on  the  relation  of  plants  to  atmospheric 

moisture.     Part  II. — Relation  of  plants  to  the  water  which 

moistens  their  aerial  surface  :  by  M.  Duchartre.    Compt.  rend. 

xlii.  428,  790. 
Experiments  on  the  power  of  absorbing  water  possessed  by  the 

roots  of  aerial  plants:  by  IL.  CJiatin.     Compt.  rend,  xlii,  841. 
Experimental     researches    on     the    respiration    of    plants :     by 

M.  Duchartre.     Compt.  rend.  xlii.  37. 
On  the  distribution  of  inorganic  elements  in  the  principal  families 

of  the  vegetable  kingdom :  by  MM.  Malaguti  and  Durocher. 

Compt.  rend,  xliii.  384,  482. 
•  Method  of  preserving  plants  with    their   natural    form,  and    the 

colour  of  their  flowers  :  by    Reveil   and  Bergot.     J.  Pharm. 

[3]  XXX.  105. 
Note  on   two  algae  which  came  into  existence  in  the  course    of 

M.  Boussingault's  experiments  on  the  action  of  nitre  on  vege- 
tation :  by  M.  Montague.     Compt.  rend.  xlii.  756. 
Platinum. — On  a  bed  of  platinum   observed  in  a  vein  in  the  Province 

of  Antioquia  (New  Grrauada)  :  by  M.  Botissingault.     Compt. 

rend.  xlii.  917. 

Platinum-ore  from  Borneo ;  h\ Majc  Bocking.  J.pr.Chem.  lxvii.207. 

On  the  crystallisation  of  platinum  from  fusion :  by  J.  W.  Mallet. 

Sill.  Am.  J.  [2]  XX.  340 ;  Chem.  Gaz.  1856,  14. 
■ On    the    platinising    of    metals    by    the    electric     current :     by 

B.  B'ottger.     J.  pr.  Chem.  Ixviii.  369. 
— —  On  the  platinum-bases:  by  Chr.  Grimm.     Ann.  Ch.  Pharm.  xcix. 

67. 
On  the  cyanides  of  platinum:  by  A.   Schqfarik.     J.  pr.  Chem. 

Ixvi.  385. 
On  the  fluorescence  of  platinocyanide  of  potassium :  by  B.  Bottger. 

Pogg.  Ann.  xcvii.  333. 

A  new  platinum  salt :  by  Chr.  Grimm.   Ann.  Ch.  Pharm.  xcix.  95. 

On  some  platino-cvanides :  by  P.   B.   Weselsky.     Wien.   Akad. 

Ber.  XX.  282 ;  Chem.  Gaz.  1856,  443. 
Poisons. — On  the  detection  of  poisons  :   bv  F.  J.    Otto.     Ann.   Ch. 

Pharm.  c.  39. 
Polarisation. — See  Light. 

Populin. — On  populin  :  by  B.  Biria.     Ann.  Ch.  Pharm.  xcvi.  375. 
Potash. — On  the  potash  contained  in  the  stems  of  Algerian  tobacco. 

and  on  its  use  in  the  px'eparation  of  nitre  :  bv  A.  Commaille. 

J.  Pharm.  [3]  xxix.  106. 
On  the  preparation  of  hydrate  of  potash  from  nitre:  by  ^.  Geuther. 

Ann.  Ch.  Pharm.  xcvii.  223  ;  Chem.  Gaz.  1856,  219. 
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Potassium. — On  the  magnetism  and  electric  conductivity  of  potassium 

and  sodium  :  by  M.  Lamy.     Compt.  rend,  xliii.  693. 
Combustion  of  potassium  aud  sodium  in  oxygen  gas  ;  J.  pr.  Cbem. 

Ixvii.  172. 
On  the  double   salts    of  biniodate   of  potasb   with    chloride   of 

potassium  and  sulphate  of  potash  :  by  C.  Rammelsherg.    Pogg. 

Ann.  xcvii.  92. 
Test  for  carbonate  and  iodate  of  potash  in  iodide  of  potassium : 

by    W.  Copney.      Pharm.  J.   Trans,  xv.  SOi  ;  J.  Pharm.   [3] 

XXX.  119. 
Propylene.- — New  mode  of  formation  of  propylene :  by  L.   Dusart. 

Ann.  Ch.  Pharm.  xc™.  127. 
On   iodopropylene  :  by   Berthelot  and  Be   Luca.     Compt.   rend. 

xlii.  283  ;*  Chem.  Gaz.  1856,  171. 
Propylenyl. — On  some  compoimds  of  propylenyl  (allyl  or  acryl) :  by 

N.  Zinin.     Ann.  Ch.  Pharm.  xcvi.  361. 
Pyroxylin. — Eesearehes   on   pyroxylin:  by -4.   Bechamp.     Ann.   Ch. 

Phys.  [3]  xln.  838. 


Q- 

Quercitrin.— On  rutic  acid  and  quercitrin:  by  H.  HJasiwetz.  "Wien. 
Akad.  Ber.  xvii.  375  ;  Chem.  Gaz.  1856,  106 ;  J.  pr.  Chem. 
Ixvii.  97. 


R. 

Radicals. — On  a  new  class  of  organic  radicals  :  by  A.  Wurtz.     Ann. 

Ch.  Pharm.  xcvi.  361. 
Radicals,  organic. — On  the  preparation  of  the  chlorides  and  bromides 

of  the  organic  radicals,  by  the  action  of  terchloride  or  ter- 

bromide  of  phosphorus,  on  the  corresponding  mono-hydrated 

acids :  by  M.  Becliamp.     Compt.  rend.  xHi,  224 ;  Chem.  Gaz. 

1856,  164. 
Resins. — Process  for  decolorising  resins  :  by  M.  Losh.     J.  Pharm.  [3] 

xxix.  465. 
The  gums  and  resins  of  commerce  :  by  P.  X.  Simmonds.     J.  Pr. 

Inst.  [3]  xxxii.  177,  279. 
Respiration. — On  the  condition  of  the  oxygen  absorbed  into  the  blood 

during  respiration :  by  G.  Harley.     Proc.  Roy.  Soc.  viii.  78  ; 

Chem.  Gaz.  1856,  196. 
On  the  solubihty  of  gases  in  saline  solutions,  with  reference  to  the 

theory  of  respiration  ;  by  M.  Fernet.     Compt.  rend.  xli.  1237 ; 

Ann.  Ch.  Phys.  [3]  xlvii.  360. 
Experimental    researches     on    the     respiration    of    plants :     by 

21.  JDucliartre.     Compt.  rend.  xlii.  37. 
Rhatany. — On  rhatany  root :  by  I>r.  Schuchardt.     Pharm.  J.  Trans. 

xvi.  30,  132;  also  by  D.  Hanbury.     J.  Pharm.  [3]  xxx.  216. 
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Ehodanogen. — See  Sulphocyauogen. 

Ehubarb. — Ou  the  composition  of  rhubarb-juice:  hj  E.  Kopp.    Compt. 

rend,  xliii.  475. 
Eocks. — Eeply  to  the  objections  of  M.  Durocher,  concerning  granitic 

rocks  :  by  J.  Fournet.     Compt.  rend,  xliii.  188. 
Eotatory  power. — See  Light. 
Eubian. — On  rubian  and  its  products  of  decomposition ;  Part  III. :  by 

E.  Schwick.     Phil.  Mag.  [4]  xii.  200,  270. 


Saccharine     substances. — On     some     saccharine     substances:     by 

M.  Berthelot.     Ann.  Ch.  Phys.  [3]  xlvi.  89. 
On   the    compounds    of  saccharine    substances    with    acids :    by 

M.  Berthelot.     Ann.   Ch.  Phys.  [3]  xlvii.  297 ;  Compt.   rend. 

xlii.  1111. 
Salicin. — Action  of  nitric  acid  on  salicin:   bv    B.    Piria.     II  Nuovo 

Cimento  ii.  299  ;  Ann.  Ch.  Phys.  [3]  xlvii.  114. 
Salicyl.- — On   the    saUcyl-compounds :    by  II.    Limpricht.      Ann.    Ch. 

Pharm.  xcviii.  256  ;  xcix.  249. 
Saline  solutions. — Sixth  memoir  on   the   supersaturation   of    saline 

solutions  :  by  H.  Loewel.     Greneral  view  of  this  research  :  by 

M.  Chevreiil.     Compt.  rend,  xliii.  709. 
Saliva. — On   sulphocyanide   of  potassium,  considered  as   one   of  the 

constant  and  normal  constituents  of  the  saliva :  by  M.  Longet. 

Compt.  rend.  xlii.  480. 
Salts. — On  the  crystalline  form  and  chemical  composition  of  certain 

salts :  by  C.  JIarignac.     Ann.  Min.  [5]  ix.  1. 
Some  experiments  illustrative  of  the  reciprocal  decomposition  of 

salts:  by  J.  H.  Gladstone.     Chem.  Soc.  Qu.  J.  ix.  144. 
On  the  causes  of  solubility  of  certain  salt-atoms,  and  the  boiling 

points  of  saturated  solutions :  by  B.  Kremers.     Pogg.   Ann. 

xcvii.  1. 
Experiments   on  the  relative   solubility   of  saline  m.ixtures :  by 

F.  Bfaff.     Ann.  Ch.  Pharm.  xcix.  224. 
On  the  precipitation  of  various  ^salts  from  solution :   by  L.  Mar- 

gueritte.     Compt.  rend,  xliii.  50  ;  Chem.  Gaz.  1856,  334. 
On  the  contractions  which  accompany  tlie  mixing  of  diflerent  saline 

solutions  :  by  P.  Kremers.     Pogg.  Ann.  xcviii.  58. 
On  common  salt  and  brine  :  by  AI.   Gouraux.     Compt,  rend,  xliii. 

152. 
On   rock-salt   and  its   origin   in   tertiary   strata :   by   J/.    Ahich. 

Compt.  rend,  xliii.  227. 
On  the  crystalline    form    and  composition  of    certain    salts :    by 

C.  JIarignac.     Ann.  Min.  [5]  ix.  1. 

Ou  neutrality  in  salts  :  by  M.  JMargueritte.     Ann.  Ch.  Phys.  [3] 

xlviii.  355. 

—  Precipitation  of  salts  from  solution.     Pharm.  J.  Trans,  xvi.  330. 
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Saponification. — See  JEhts. 

Sarsaparilla. — On  sarsaparilla :  by  L.  de  Kernota.  J.  Pharm.  [3] 
xxix.  383. 

Scarifiers. — On  the  materials  for  making  scarifiers :  by  B.  Hamhly. 
Chem.  Gaz.  1856,  97. 

Schist. — On  the  products  of  the  dry  distillation  of  the  Ehenish  bitumi- 
nous schist,  and  of  Saxon  and  Thuringian  lignite,  with  their 
application  to  purposes  of  illumination:  by  S.  VoJil.  Arm. 
Ch.  Pharm.  xcvii.  9. 

Sea-weeds. — Experiments  on  certain  sea- weeds  of  an  edible  kind :  by 
J.  Davy.     Proc.  Eoy.  Soc.  Edinb.  iii.  363. 

Secretions. —  On  the  nature  of  the  liquid  secreted  by  the  abdominal 
gland  of  insects  of  the  genus  Carahus :  by  M.  Pelouze.  Compt. 
rend,  xliii.  123.  [Remarks  on  analogous  seci'etions  in  other 
insects  :  by  M.  Dumeril.     Ibid.  125.]     Chem.  Gaz.  1856,  368. 

Selenium. — On  the  crystalline  form  and  isomeric  modifications  of 
selenium,  and  on  the  crystalline  forms  of  iodine  and  phos- 
phorus :  by  JE.  Mitscherlicli.  Pogg.  Ann.  xcviii.  547 :  Ann. 
Ch.  Phys.  [3]  xlvi  ;  J.  pr.  Chem.  Ixvi.  257. 

On  the  isomeric  modifications  of  selenium :  by  V.  Regnault.     Pogg. 

Ann.  xcviii.  396;  Ann.  Ch.  Phys.  [3]  xlvi.  257. 

On  selenmethyl:  by  F.   Woliler  and  J.  Dean.     Ann.  Ch.  Pharm. 

xcvii.  5  ;  Sill.  Am.  J.  [2]  xxi.  247. 

Sewers. — On  the  alkaline  emanations  from  sewers  and  cesspools :  by 
W.  Odling.     Guy's  Hospital  Reports  [3]  ii.  215. 

Shells. — On  the  shells  of  the  moUusca,  the  byssus,  and  the  chitin 
question :  by  J.  Schlossherger.  Ami.  Ch.  Pharm.  xcviii.  99 ; 
Chem.  Gaz.  1856,  327. 

Silica. — On  the  non-existence  of  polarising  silica  in  the  organic  king- 
doms :  by  J.  W.  Bailey.     Sill.  Am.  J.  [2]  xxi.  357. 

On  hydrate  of  silica,  and  the  formation  of  opal  and  quartz  :  by 

O.  JTaschke.     J.  pr.  Chem.  Ixviii.  233. 

On  the  solubility  of  silica  :  by  -ST.  Lttdioig.     Arch.  Pharm.  cxxxiv. 

129  :  Chem.  Gaz.  1856,  45.    ^ 

Silicates. — Theoretical  view  of  the  intervention  of  alkaline  silicates 
in  the  artificial  formation  of  hydraulic  limestones,  cements,  and 
silicious  lime-stones,  with  some  geological  considerations  on 
formation,  by  the  humid  way  in  general :  by  ^-  Kuhlmann. 
Compt.  rend.  xli.  1029. 

Silicium. — On  silicium  :  bv  F.  'Wbhler.  Pogg.  Ann.  xcvii.  484;  Ann. 
Ch.  Phys.  [3]  xlvii".  116;  Ann.  Ch.  Pharm.  xcvii.  266. 

On  a  new  mode  of  obtaining  silicium  :  by  F.   Wohler.     Compt. 

rend.  xlii.  48  ;  Chem.  Gaz.  1856,  91. 

On  crystallised  silicium  and  carbon  :  by   H.  Sfe. -Claire  Deville. 

Compt.  rend.  xlii.  49,  1313  ;  Chem.  Gaz.  1856,  101. 

On  the  crystalline  form  of  silicium  :  bv  H.  de  Senarmont.     Ann. 

Ch.  Phys.  [3]  xlvii.  169. 

Crystalline  form  of  silicium.     Pogg.  Ann.  xcvii.  644. 
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I. — On  some  Points  in  the  Composition  of  Wheat-Grain,  its 
Products  in  the  Mill,  and  Bread. 

By  J.  B.  Lawes,  F.R.S.,  F.C.S.,  and 
J.  H.  Gilbert,  Ph.  D.,  F.C.S. 

The  composition  of  the  grain  yielding  the  most  important  article 
of  human  food  in  temperate  climates,  its  yield  of  valuable  products, 
and  the  varying  composition  either  of  the  grain  itself,  or  of  these 
products,  according  to  the  conditions  of  growth,  or  the  circum- 
stances of  after  preparation,  are  subjects  worthy  the  attention 
equally  of  states  and  of  men  of  science.  Accordingly  we  find,  that 
a  chemical  examination  of  wheat-grain  and  its  products,  has  from 
time  to  time  been  undertaken  by  chemists  of  repute ;  sometimes 
as  a  matter  of  private  investigation,  and  at  others  of  public  inquiry ; 
and  almost  as  numerous  as  the  names  of  the  experimenters,  are 
the  special  lines  of  research  which  they  have  selected. 

We  are  indebted  to  Beccaria  for  the  first  notice,  more  than 
a  century  ago,  of  the  gluten  in  wheat.  Among  the  earher  investi- 
gators of  the  subsequent  period,  are,  Proust,  Vauquelin, 
De  Saussure  and  Vogel,  who  have  examined  the  proximate 
principles,  and  some  of  the  changes  to  which  they  are  subject,  in 
various  descriptions  of  wheat,  of  flour,  or  of  bread.  M.  Bous- 
singault  has  somewhat  elaborately  studied  various  branches  of 
the   subject   more   recently;    and  we  are  indebted  to  Dumas, 
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Payen,  Johnston,  and  Dr.  R.  D.  Thomson  for  original,  as 
well  as  a  considerable  amount  of  collected  information.  The  most 
recent,  on  some  points  the  most  detailed,  and  from  advance  in 
methods,  perhaps  on  some  also  the  most  reliable,  are  the  results 
ofM.  Peligot  in  1849,  on  the  proximate  constitution  of  various 
kinds  of  wheat,  and  of  M.  Mi  lion  in  1849  and  1854,  on  some- 
what similar  points.  Lastly,  in  1853  M.  Poggiale,  and  in  1855 
Dr.  Maclagan,  have  given  the  results  of  their  investigations  on 
the  characters  and  composition  of  bread. 

Besides  these  more  general  investigations,  we  have  had  in 
recent  times  many  special  inquiries  connected  with  our  subject. 
Thus,  M.  Boussingault  has  given  us  analyses  of  the  ashes  of 
wheat;  and  many  other  such  analyses  have  been  made  in  Ger- 
many, and  elsewhere,  since  the  first  appearance,  in  1840,  of  Baron 
Lieliig's  work  on  "Chemistry  in  its  Applications  to  Agriculture 
and  Physiology."  In  this  country,  Mr.  Way  has  given  us  the 
most  extensive  series  of  wheat-grain-ash  analyses,  his  list  including 
those  of  26  specimens  or  descriptions. 

The  plan  of  our  own  investigation,  which  unfortunately  has 
been  much  less  perfectly  filled  up  than  we  at  first  intended,  was 
entered  upon  more  than  a  dozen  years  ago,  and  was  devised  with 
reference  to  the  following  points  : — 

1st.  The  influence  of  varying  characters  of  season,  and  of  vari- 
ous manuring,  upon  the  organic  and  mineral  composition  of  wheat 
grain. 

2ndly.  The  characters  of  varieties,  especially  in  relation  to  their 
adaptation,  and  the  qualities  they  then  develop,  imder  the  influence 
of  broader  distinctions  as  to  locality,  altitude,  latitude,  and  vary- 
ing climatic  circumstances  generally. 

It  is  in  the  second  branch  of  the  inquiry  that  we  have  fallen  the 
furthest  short  of  our  intentions.  With  a  view  to  its  prosecution,  a 
journey  through  the  chief  corn  growing  districts  of  Europe,  com- 
mencing at  the  northernmost  point  at  which  w^heat  is  grown  suc- 
cessfully, was  about  to  be  undertaken  in  1848;  but  the  social  dis- 
turbances on  the  continent  at  that  period,  necessarily  prevented  it. 
The  plan  proposed  was — to  collect  information,  as  to  the  geological 
and  meteorological  characters  of  the  various  localities,  as  to  the  mode 
of  culture,  and  as  to  the  general  acreage  yield,  both  in  straw  and 
grain ;  and  lastly,  to  procure  characteristic  specimens  for  chemical 
examination  at  home.  Failing  entirely  in  the  execution  of  this 
design,  the  Exhibition  of  1851  was  looked  forward  to  as  an  oppor- 
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tunity  for  procuring  specimens  not  only  of  wheat,  but  of  other 
vegetable  products,  and  perhaps  also  important  particulars  of  their 
growth,  from  various  countries  and  climates.  Such,  however,  was 
the  di%4sion  of  authority,  and  such  the  alleged  preference  given  to 
public  institutions  in  such  matters,  that,  whether  the  latter  bene- 
fited or  not,  the  collection  which  we,  as  private  individuals,  were 
enabled  to  make,  was  entirely  inadequate  to  our  object.  From 
these  difficulties  it  is,  that  our  second  main  object  of  inquiry  was 
necessarily  to  a  great  extent  abandoned ;  and  chiefly  for  this  rea- 
son, but  partly  owing  to  the  pressure  of  other  subjects ;  the  first 
or  more  limited  or  local  branch  of  the  investigation  has  in  recent 
years  been  but  imperfectly  followed  up.  And,  as  it  is  probable 
that  it  must  for  some  time  remain  so,  it  has  been  thought  desirable 
thus  to  put  on  record  the  results  ah-eady  obtained ;  hoping  that 
they  may  serve  the  double  purpose,  of  confirming  or  adding  to 
previously  existing  knowledge,  and  of  indicating  to  others  the 
points  most  requiring  further  study. 

The  following  is  a  brief  outline  of  the  plan  of  investigation 
which  has  yielded  the  results  which  we  have  now  to  lay  before  the 
Society. 

From  the  season  1843-4,  up  to  the  present  time,  wheat  has 
been    growing    in    the    same   field    continuously,    both  without 
manure,  by  ordinaiy,   and  by  various  chemical  manures.     As  a 
general  rule,  the  same  description  of  manure  has  succeeded  year 
after  year  on  the  same  plot  of  land.     The  amount  of  produce,  corn, 
straw,  and  chaff,  and  its  characters   as  to  weight  per  bushel,  &c., 
have   in   every   case,    been   carefully    ascertained   and   recorded. 
Samples  from  each  plot— both  grain  and  straw— have  also  been 
collected  every  year.     Of  each  of  these  samples  two  weighed  por- 
tions are  coarsely  gromid  ;  the  dry  matter  determined  at  a  tempera- 
ture of  212° ;  and  the  ash  by  burning  on  sheets  of  platinum,  in 
cast  iron  muffles  arranged  for  that  purpose.-^^     Other  weighed  por- 
tions of  grain  and  straw  are  partially  dried,  so  as  to  prevent  their 
decomposition  ;  and  in  this  state  they  are  preserved  for  any  exami- 
nation of  their  organic  constituents.     By  this  course  of  procedure, 
a  vast  mass  of  results  has  been  obtained,  illustrating  the  influence 
of  season  and  manuring,  upon  the  percentage  of  diy  substance, 
and   of  mineral  constituents,  in  the  produce.     In  selected  cases, 
the  nitrogen  in  the  grain,  and  in  the  straw,  has  been  determined. 

*  The  dry  matter  and  ash,  were  not  determined  in  such  complete  series  in  the 
earlier  years,  a.s  in  the  later. 
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A  summary  table  of  these  dry  matter,  ash,  and  nitrogen  results,  will 
be  given  below.  In  from  twenty  to  thirty  cases  complete  analyses 
of  the  grain-ashes  have  been  made,  and  the  results  of  these  will 
be  given  in  full. 

Besides  the  experiments  above  described,  in  selected  cases, 
chiefly  from  the  produce  of  the  earlier  years  of  the  field  experi- 
ments, it  was  sought  to  ascertain  the  comparative  yield  of  flour, 
and  also  the  characters  of  the  flom',  of  grain  grown  by  different 
manures  in  the  same  season,  or  by  the  produce  of  diff'erent  sea- 
sous.  The  colonist's  steel  handmill  was  first  had  recourse  to  for 
this  purpose.  But  it  was  soon  found,  that  it  was  extremely  diffi- 
cult so  to  regulate  the  machine,  as  to  secure  uniform  action  upon 
the  diff'erent  grains ;  and  it  was  further  found,  that  the  grain,  and 
especially  the  bran,  was  cut  up  rather  than  crushed,  so  as  to  leave 
too  much  of  flour  in  the  portion  separated  as  bran,  and  too  much  of 
bran  in  that  separated  as  flour ;  and  hence  the  results  were  not 
sufficiently  comparable  with  those  of  the  ordinaiy  mill.  Arrange- 
ments were  therefore  made  for  prosecuting  the  inquiry  at  a  flour 
mill  in  the  neighbourhood,  worked  by  water  power.  Weighed 
quantities  of  the  selected  samples  (from  125  to  250  lbs.  each),  were 
passed  through  the  stones,  and  the  "  meal"  thus  obtained,  through 
the  dressing  machine,  under  our  own  personal  superintendence ; 
great  care  being  taken  to  clear  from  the  diff'erent  parts  of  the 
apparatus  the  whole  of  one  lot,  before  another  was  commenced 
upon. 

The  yield  in  the  dressing  machine  of  each  of  the  diff'erent 
products  was  ascertained,  and  its  percentage  in  relation  to  the 
total  grain  or  its  "  meal,^'  has  been  calculated.  Portions  of  each 
of  these  products  have  had  their  dry  matter  (at  212°),  and  their 
mineral  matter  (by  burning  on  platinum),  determined.  The  per- 
centage of  nitrogen  in  a  few  selected  series — from  the  finest  flour 
down  to  the  coarsest  bran — has  also  been  estimated ;  and  in  the 
same  cases,  the  amounts  of  one  or  two  of  the  more  important 
constituents  of  the  ash  have  also  been  determined.  The  results 
of  these  dry  matter,  ash,  nitrogen,  and  constituent  of  ash  deter- 
minations, in  the  series  of  diff'erent  products  obtained  in  the  mill, 
will  be  given  in  tables  further  on. 

The  original  design,  was  to  complete  the  examination  of  the 
mill  products,  by  determining  in  several  series  of  them,  the  per- 
centage of  each  of  their  proximate  organic  principles;  and  also 
the  amount  and  composition  of  mineral  matters,  associated  with 
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them  respectively.  It  was  hoped,  by  this  latter  inquiry,  to  obtain 
important  collateral  information,  bearing  upon  the  influence  of 
various  constituents  upon  the  healthy  and  special  development  of 
the  plant.  Although,  however,  specimens  of  the  flour  are  pre- 
served for  this  purpose,  as  well  as  the  ashes  of  each  crude  pro- 
duct, it  is  feared  that  this  subject  cannot  be  proceeded  with,  at 
least  for  a  considerable  time  to  come. 

Portions  of  the  different  products  of  the  dressing  machine 
(including  more  or  less  of  the  finest  flour,  of  the  more  granular, 
or  of  the  more  branny  particles  respectively),  from  grains  of 
somewhat  various  history  of  growth,  have  been  experimented 
upon  to  ascertain  their  comparative  bread-making  qualities ;  and 
these  results,  together  ^vith  a  few  examinations  of  baker's  bread, 
and  a  discussion  of  the  results  of  other  experimenters,  as  to  the 
yield  of  bread  from  a  given  amount  of  flour,  and  the  percentage 
of  water  and  of  nitrogen  in  the  former,  will  be  given  below. 

With  this  short  outline  of  the  plan  of  investigation  which 
has  been  pursued,  we  proceed  now  to  a  discussion  of  the  results 
which  have  been  obtained. 

In  Table  I.  are  given,  in  the  first  four  columns,  certain  pro- 
minent characters  of  the  produce  of  each  of  ten  years  of  the  suc- 
cessive growth  of  wheat  as  above  described.     The  items  are  : — 
The  total  produce  per  acre  (corn  and  straw),  in  lbs. ; 
The  per  cent,  of  corn  in  the  total  produce ; 
The  per  cent,  of  dressed  corn  in  the  total  corn ;  and. 
The  weight  per  bushel  of  dressed  corn  in  lbs. 
The   figure    given   for    each    year,    generally    represents   the 
average  of  about  40  cases;   and  the  characters    enumerated  are 
the  best  which  can  be  given  in  a  summary  and  numerical  form, 
to  indicate  the  more  or  less  favourable  condition  of  the  respec- 
tive seasons  for  the   healthy  development  of  the  crop,  and  the 
perfect  maturation  of  the  grain. 

In  the  second  set  of  three  columns  are  given,  side  by  side 
with  the  general  characters  just  described,  the  percentages  in 
the  grain  of  each  year — 

Of  dry  substance ; 
Of  ash  in  dry  substance ;  and. 
Of  nitrogen  in  dry  substance  ; 
the  two  former  items  being  in  most  cases  the  average  of  30  to 
40  cases  in  each  year ;  but  the  per  cent,  of  nitrogen,  is  in  each 
instance,  the  mean  of  a  few  selected  cases  onlv. 
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111  the  third  set  of  three  colurans^  are  given  similar  particu- 
lars relating  to  the  composition  of  the  straw.  The  percentages 
of  dry  substance  and  of  ash  in  the  straw,  are  however  not  the 
averages  of  so  many  cases  in  each  year,  as  are  those  for  the  corn ; 
and  the  determinations  of  nitrogen  in  the  straw,  have  also  been 
made  in  fewer  cases  than  in  the  grain. 

It  will  thus  be  seen,  that  the  table  affords  a  summary  view 
of  a  really  enormous  amount  of  experimental  result,  and  we 
ought  to  be  able  by  its  means  to  discover,  at  least  the  broad 
and  characteristic  effects  of  varying  seasons,  upon  the  compo- 
sition of  the  crop.''^  This  indeed  is  all  we  could  hope  to  attain, 
in  such  a  mere  outline  and  general  treatment  of  the  subject  as 
is  appropriate  to  our  present  purpose. 

TABLE  I. 
General  Summary. 


Piirticulars  of  the  Produce. 

Coroposition  of 
Gkain. 

Composition 
Stkaw. 

of 

Total 
com  and 

Per  cent. 

Per  cent, 
dressed 

Weight 
per 

Per  cent. 

Per  cent 

Percent 

Per  cent. 

Per  cent. 

Percent. 

Harvests 

straw 
per  acre 
in  lbs. 

corn  in 

total 

prodnce. 

com  in 
total 
corn. 

bushel  of 

dressed 

corn  in 

lbs. 

dry 

(212°.) 

ash  in 
dry. 

nitrogen 
in  di-y. 

dry 

(212°.) 

ash  in 
dry. 

nitrogen 
in  dry. 

1845 

5545 

33-1 

90-1 

56-7 

80-8 

1-91 

2-25 

7-06 

0-92 

1846 

4114 

43-1 

932 

63-1 

84-3 

1-96 

2-15 

602 

0-67 

1847 

5221 

36-4 

93-6 

62-0 

2-30 

5-56 

0-73 

1848 

4517 

36-7 

89-0 

58-5 

80-3 

2  02 

2-39 

7-24 

0-78 

1849 

5321 

40  9 

95-5 

63-5 

83-1 

1-84 

1-94 

82-6 

6-17 

0-82 

1850 

5496 

33-6 

94-3 

60-9 

84-4 

1-99 

2-15 

84-4 

5-88 

0-87 

1851 

5279 

38-2 

921 

62-6 

84-2 

1-89 

1-98 

84-7 

5-88 

0-78 

1852 

4299 

31-6 

92-1 

56-7 

83-2 

2-00 

2-38 

82-6 

6-53 

0-79 

1853 

3932 

25-1 

859 

50-2 

80-8 

2-24 

2-35 

810 

6-27 

1-20 

1854 

6303 

35-8 

95-6 

61-4 

84-9 

1-93 

1-98 

214 

83-7 

5-08 

0-69 

Melius 

5053 

35-4 

92-1 

59-6 

82-9 

2-20 

83-2 

6-17 

0-82 

Leaving  then  out  of  view  all  minor  points,  and  confining  our- 
selves to  our  already  defined  object — namely,  that  of  ascertaining 
the  general  direction  of  the  influence  of  variation  of  season  upon 
the  composition  of  the  wheat  crop — we  cannot  fail  to  see,  that 
wherever  the  three  items  indicating  the  quality  of  the  produce 

*  It  should  he  stated,  that  up  to  1848  inclusive,  the  description  of  wheat  was  the 
Old  Kcd  Lammas;  from  1849  to  1852  inclusive,  it  was  the  Red  Cluster,  and  since 
that  time  the  Rostock.  The  variations,  according  to  season,  both  in  the  characters  and 
composition  of  the  produce,  are,  however,  very  marked  within  the  period  of  growth 
of  each  separate  development. 
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markedly  distinguish  the  crop  as  favourably  developed,  we  have 
a  general  tendency  to  a  high  percentage  of  dry  substance,  and  to 
a  low  percentage  both  of  mineral  matter,  and  of  nitrogen,  in  that 
dry  substance.  This  generalization  is  more  especially  applicable 
to  the  grain ;  but  with  some  exceptions,  mostly  explicable  on  a 
detailed  consideration  of  the  circumstances  and  degree  of  its  deve- 
lopment, it  applies  to  a  great  extent  to  the  straw  also. 

Let  us  take  in  illustration  the  extreme  cases  in  the  table.  The 
seasons  of  18-16,  1849,  and  1851,  with  in  the  cases  of  the  two 
latter  large  produce  also,  give  us  the  best  proportion  of  corn  in 
total  produce,  more  than  the  average  projaortion  of  dressed  corn  in 
total  corn,  and  the  highest  weight  per  bushel — a  very  significant 
character.  With  this  cumulative  evidence  as  to  the  relatively 
favourable  development  and  maturation  of  these  crops,  we  find  the 
grain  in  two  of  the  cases,  to  be  among  the  highest  in  percentage 
of  dry  matter;  and  in  the  third  (1849),  though  not  so  high  as  we 
should  have  expected,  it  is  still  above  the  average.  The  per- 
centages of  mineral  matter  and  of  nitrogen  in  the  dry  substance  of 
the  gi'ain,  are  at  the  same  time,  in  these  three  cases,  the  lowest  in 
the  series.  The  seasons  of  1850  and  1854  again,  with  large 
amounts  of  produce,  yielded  also  very  fairly  developed  grain ;  and 
coincidently  they  afford  a  high  percentage  of  dry  substance,  and 
lower  percentages  both  of  mineral  matter,  and  of  nitrogen,  in  that 
dry  substance,  than  the  cases  of  obviously  inferior  maturation. 
With  some  exceptions,  it  will  be  seen,  that  the  straws  also  of  these 
5  better  years,  give  a  tendency  to  low  percentages  both  of  mineral 
matter  and  of  nitrogen  in  their  dry  substance. 

Turning  now  to  the  converse  aspect,  the  season  of  1853,  shows 
itself  in  the  general  characters  of  the  produce,  to  have  been  in 
every  respect  the  least  favoiu-able  to  the  crop ;  and  it  should  be 
added  that  in  this  instance  (as  Avell  as  in  1845  to  which  we  shall 
next  refer),  the  seed  was  not  sown  until  the  spring.  In  1853  the 
produce  of  grain  was  small  as  well  as  very  bad  in  quality ;  and 
with  these  characters,  we  have  in  the  grain  nearly  the  lowest  per- 
centage of  dry  matter,  and  the  highest  percentage  of  ash  and  of 
nitrogen  in  that  dry  matter.  In  the  straw,  too,  the  dry  matter  is 
low,  the  ash  somewhat  high,  and  the  nitrogen  much  the  highest 
in  the  series.  In  1845,  another  year  of  spring-sowing,  and  at  the 
same  time  of  very  bad  quality  of  produce,  we  have  nevertheless  a 
large  amount  of  growth ;  a  fact  which  tends  to  explain  some  of  the 
differences  in  composition  as  compared  with  1853.     Thus,  1845 
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gives  US  low  percentage  of  dry  matter,  but  not  very  high,  either 
ash  or  nitrogen,  in  the  grain.  The  straw,  however,  gives  high  per- 
centages both  of  ash  and  of  nitrogen;  it  being  in  the  latter  point 
next  in  order  to  1853,  The  seasons  of  1848  and  1852  again  show 
low  characters  of  produce.  The  former  has  coincidently  the 
lowest  percentage  of  dry  matter  in  the  grain  in  the  series ;  and 
both  have  high  percentage  of  ash  and  nitrogen  in  the  dry  sub- 
stance of  the  grain.  In  the  straw,  the  ash  is  in  1848  the  highest, 
and  in  1852  above  the  average ;  the  nitrogen  in  dry  matter  of 
straw  being  however  in  neither  instance  high. 

In  several  of  the  cases  here  cited,  there  are  deviations  from  our 
general  assumption  on  one  point  or  other.  But  an  examination 
in  greater  detail,  would  in  most  or  all  of  them  clear  up  the  appa- 
rent discrepancy.  When  indeed,  we  bear  in  mind  how  infinitely 
varied  was  the  mutual  adaptation  of  climatic  circumstances  to 
stage  of  growth  of  the  plant,  in  almost  every  case,  it  would  indeed 
be  anomalous,  did  we  not  find  a  corresponding  variation  on  some 
point  or  other,  in  the  characters  or  composition  of  the  crop.  Still, 
we  have  the  fact  broadly  marked,  that  within  the  range  of  our  own 
locality  and  climate,  high  maturation  of  the  wheat  crop  is,  other 
things  being  equal,  generally  associated  with  a  high  percentage  of 
dry  substance,  and  a  low  percentage  of  both  mineral  and  nitro- 
genous constituents.  Were  we,  however,  extending  the  period  of 
our  review,  and  going  into  detail  as  to  varying  climatic  circum- 
stances, interesting  exceptions  could  be  pointed  out. 

It  may  be  observed  in  passing,  that  owing  to  the  general  rela- 
tionships of  the  amounts  of  corn  to  straw,  and  the  generally  coin- 
cident variations  in  the  percentages  of  nitrogen  in  each,  the 
tendency  of  all  these  variations  is  in  a  degree  so  to  neutralize  each 
other,  as  to  give  a  comparatively  limited  range  of  difi'erence  in  the 
figures,  representing  for  each  year,  the  percentage  of  nitrogen  in 
the  dry  substance  of  the  total  produce — corn  and  straw  together. 

The  tendency  of  maturation,  to  reduce  the  percentages  of 
mineral  matter,  and  frequently  of  nitrogen  also,  is  not  observable 
in  corn  crops  alone.  AVe  have  fully  illustrated  it  in  the  case  of  the 
turnip ;  and  our  unpublished  evidence  in  regard  to  some  other 
crops,  goes  in  the  same  direction.  The  fact  is  indeed  very  important 
to  bear  in  mind ;  for  it  constitutes  an  important  item  in  our  study 
of  the  variations  which  are  found  to  exist  in  the  composition  both 
of  the  organic  substance,  and  of  the  ash,  of  one  and  the  same  crop, 
grown  under  difi'erent  circumstances.  We  may  particularly  observe. 
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that  the  obvious  reduction  in  the  percentage  of  nitrogen  in  wheat- 
grain,  the  more,  within  certain  climatic  limits,  the  seed  is  perfected, 
is  in  itself  a  fact  of  the  highest  interest ;  and  it  is  the  more  so, 
when  we  consider  how  exceedingly  dependent  for  full  growth,  is 
this  crop  upon  a  liberal  supply  of  available  nitrogen  within  the 
soil. 

Bearing  in  mind,  then,  the  general  points  of  relationship  which 
have  been  established  between  the  characters  of  the  crop  as  to 
development  and  maturation  on  the  one  hand,  and  the  percentage 
amoiuits  of  certain  constituents  on  the  other,  let  us  now  see — what 
is  the  general  influence  of  characteristic  constituents  of  manure, 
upon  the  characters  and  composition  of  our  wheat  crop,  which  is 
allowed  to  remain  on  the  land  until  the  plant  has  fulfilled  its 
highest  function — namely,  that  of  producing  a  ripened  seed  ? 

In  illustration  of  this  point  we  have  arranged  in  Table  III,  the 
same  particulars  as  to  general  character  of  the  crop,  and  as  to  the 
composition  of  the  produce,  from  several  individual  plots  during 
the  ten  years;  instead  of  the  average  of  the  series  in  each  year,  as 
in  Table  I.     The  cases  selected  for  the  comparison  are : — 

1.  A  continuously  unmanured  plot; 

2.  A  plot  having  an  excess  of  ammoniacal    salts  alone  every 

year; 

3.  The  average  of  several  plots,  each  having  the  same  amount  of 

ammoniacal  salts  as  the  plot  just  mentioned,  but  with  it,  a 
more  or  less  perfect  provision  by  manure,  of  the  mineral  con- 
stituents also. 
It  would  be  impossible  to  give  the  detail  supplying  all  the 
results  collected  in  this  Table  III ;  but  perhaps  it  is  only  proper 
that  we  should  do  so,  so   far  at  least   as  the  percentage  of  nitro- 
gen in  the  dry  substance  of  the  grain  is  concerned. 
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TABLE    II. 

Determinations  of  Nitrogen   per  Cent,  in  the  Dry  Matter  of 
Wheat  Grain  grown  at  Rothamsted. 


Experiments. 

Harvests 

Mean. 

1 

2 

3 

4 

5 

Unmanured. 


1845 

2-28 

2-21 

2  33 

2-30 

2-28 

1846 

2-11 

2-12 

2  11 

1847 

2  11 

2-08 

2-22 

2-22 

2  16 

1848 

2-33 

2-34 

2  32 

2-37 

2  34 

1849 

1-85 

1  -83 

1-91 

1-86 

1850 

2  07 

2  10 

2  07 

2-08 

1851 

1-80 

1-74 

1-89 

1-76 

• 

1-80 

1852 

2-31 

2  23 

2-33 

2  31 

2  31 

1853 

2-26 

2-33 

2-38 

2  32 

1854 

2-06 

2  06 

1-98 

1-96 

2  01 

Manured  with  Ammoniacal  Salts  only. 


1845 

2-18 

2  29 

2  22 

2-23 

2-23 

1846 

2 

18 

2-12 

2-29 

2 

19 

2  19 

1847 

2 

35 

2-29 

2-42 

2 

32 

2-34 

1848 

2 

39 

2-41 

2  39 

2 

49 

2-42 

1849 

1 

89 

2  04 

1 

92 

1-95 

1850 

2 

13 

2-08 

2 

19 

213 

1851 

2 

15 

2  12 

2  09 

2 

25 

2  15 

1852 

2 

41 

2-50 

2-44 

2 

58 

2  48 

1853 

2 

43 

2-48 

2-37 

2-44 

2-43 

1854 

2  31 

2-22 

2-31 

2  37 

• 

2-30 

Manured  with  Ammoniacal  Salts  and  Mineral  Manure.    (Mixed  Plots.) 


1845 

1846 

2-20 

214 

2  14 

2  16 

1847 

2-34 

2-38 

2-40 

2 

42 

2-44 

2-40 

1848 

2-36 

2-40 

2 

42 

2-48 

2-41 

1849 

1-96 

1  97 

2  10 

2 

07 

2  02 

1850 

2-16 

2-28 

2-25 

2 

25 

2  23 

1861 

2  00 

1-98 

2  02 

1 

92 

1-98 

1852 

2-43 

2-34 

2-31 

2 

40 

2  32 

2-36 

1853 

2-30 

2-34 

2-29 

2 

28 

2  30 

1854 

2-16 

2  12 

2  07 

2  12 
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It  is  necessary  to  make  a  few  remarks  in  reference  to  this  Table 
of  more  than  one  hundred  nitrogen  determinations.     They  were 
made  by  the  method  of  burning  with  soda-lime^  and  collecting  and 
weighing  as  platinum  salt  in  the  ordinary  way.    Few,  perhaps^  who 
have  only  made  a  limited   number   of  such  determinations,  then 
only  on  pure  and  uniform  substances,  and  who  have  not  attempted 
to  control  their  work  at  another  period,  with  fresh  re-agents,  or  by 
the  work  of  another  operator,  will  imagine  the  range  of  variation 
which  is  to  be  expected  when   all  these  adverse  elements  are  to 
have  their  influence.     It  is  freely  granted,  that  the    variations 
shown  in  the  Table  between  one  determination  and  another,  on  one 
and  the  same  substance,  are  sometimes  more  than  could  be  desii'ed. 
The  following,  however,  are  the  circumstances  under  which  they 
have  been  obtained.     Experiments  1  and  2  were  pretty  uniformly 
made  by  the  same  operator,  but  not  all  consecutively,  or  with  the 
same  batch  of  re-agents.     It  was  thought,  therefore,  that  inde- 
pendently of  any  variations  between  the  two  determinations,  it 
would  be  desirable  to  have  results  so  important  in  their  bearings, 
verified  by  others.     Accordingly,  samples  of  each  of  the  ground 
grains  were  given  under  arbitrary  numbers,  to  two  other  operators, 
and  their  results  are  recorded   respectively   in  columns  3  and  4; 
and  where  a  fifth  determination  is  given,  it  is  a  repetition  by  one 
or  other  of  the  experimenters  last  referred  to.    We  should  observe, 
that  we   have  found  it   almost  impossible  to  procure  a  soda-lime 
that  will  not  give  more  or  less  indication  of  nitrogen  when  burnt 
with  an  organic  substance  not  containing  it ;  and  hence  we  have 
at  length  adopted  the  plan  of  mixing  1-2  per  cent,  of  non-nitro- 
genous substance  intimately  with  the  bulk  of  soda-lime,  igniting 
it  in  a  muffle,   moistening,   and  reheating  it  gently.     After  this 
treatment  the  soda-lime  is   free  from  ammonia  yielding  matter. 
It  should  further  be   remembered,  that   a  ground  wheat-grain  is 
by  no  means  an  uniform  substance.     Indeed,  as  we  shall  show 
further  on,  some  of  the  particles  of  which  such  a  powder  is  com- 
posed, may  contain  half  as  much  again  of  nitrogen  as  others ;  and 
thus  any  inefficiency  in  the  grinding,  or  error  in  taking  the  por- 
tion for  analysis,  may  materially  affect  the  result.     Notwithstand- 
ing all  these  circumstances,  and  the  admittedly  undesirable  range 
of  dilference  in  the  several  determinations  in  some  cases,  it  will 
be  observed,  that  generally  three  at  least  of  the  numbers  agree 
sufficiently  closely,  and  in  some  cases  the  fourth  also.     In  fact 
after  all,   a  study  of  the   detailed  table,   must  give  considerable 
confidence,  at  least  in  the  direction  of  the  variations  between  the 
mean  results  given  in  Table  III,  and  in  their  sufficiency  for  the 
arguments  founded  upon  them.     With  these  remarks  on  the  data, 
let  us  proceed  with  the  discussion  of  Table  III  itself,  which  next 
follows ; 
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A  glance  at  this  Table  III,  shows  that  the  (juantity  of  produce 
varies  very  much  indeed  in  one  and  the  same  season,  according  to 
the  manuring.  With  these  great  differences  in  the  quantities, 
dependent  on  manuring,  we  have  far  less  marked  differences  iui;he 
quality  of  this  ripened  crop,  dependent  on  the  same  causes ;  and 
this,  with  some  few  exceptions,  is  the  same  whether  we  look  to  the 
columns  indicating  the  general  characters  only,  or  the  composition 
of  the  produce.  That  is  to  say,  the  same  general  distinctions 
between  the  produce  of  one  season  and  another,  are  observable 
under  the  several  varying  conditions  of  manuring  in  each,  as  have 
been  exhibited  in  the  Table  I  of  averages  alone.  In  fact,  season, 
or  climatic  variations,  are  seen  to  have  much  more  influence  than 
manuring,  upon  the  character  and  composition  of  the  crop. 

We  have  said  that,  other  things  being  equal,  the  percentage 
of  nitrogen  in  our  wheat -grain  was  the  lower  the  more  the  seed 
was  perfected ;  and  we  have  also  said,  that  nitrogenous  manures 
greatly  aid  the  development  of  the  crop.  Bat,  an  inspection  of 
the  columns  of  Table  III  which  give  the  percentages  of  nitrogen 
in  the  dry  substance  of  the  grains  produced  under  the  three 
different  conditions  of  manuring  specified,  shows  us  that  there  is 
almost  invariably,  a  higher  percentage  of  nitrogen  where  ammo- 
niacal  salts  alone  have  been  employed,  than  where  the  crop  was 
unmanured.  We  also  see  that,  almost  invariably,  there  is  a  higher 
percentage  of  nitrogen  where  mineral  manures  as  well  as  ammo- 
niacal  salts  have  been  used,  than  in  the  produce  of  the  corre- 
sponding unmanured  plots.  A  closer  examination  shov.s,  however, 
though  the  indication  is  not  uniform,  that  there  is  nevertheless, 
an  obvious  tendency  to  a  lower  percentage  of  nitrogen,  where  the 
mineral  constituents  also  have  been  employed,  than  where  the 
ammoniacal  salts  have  been  used  alone ;  and  with  this,  there  is  on 
the  average,  a  somewhat  higher  weight  per  bushel,  indicating 
higher  degree  of  maturation.  Then,  again,  what  are  the  circum- 
stances of  these  experiments,  under  which  an  increased  percentage 
of  nitrogen  in  the  fixed  substance  of  the  produce,  is  obtained  by 
a  supply  of  it  in  manure  ?  The  unmanured  plot  with  its  low  per- 
centage of  nitrogen  in  produce,  is  shown  by  the  field  experiments, 
to  be  greatly  exhausted  of  the  annually  available  nitrogen,  relatively 
to  the  annually  available  mineral  constituents  required  by  the 
wheat  crop.  The  plot,  with  the  ammoniacal  salts  aloue,  is  shown 
by  the  field  results  to  be  defective  in  the  requisite  and  available 
minerals,  relatively  to  the  available  nitrogen,  and  hence  the  crop 
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is  grown  under  a  relative  excess  of  the  latter.  Again^  the  plots 
with  mineral  manures  and  ammoniacal  salts  together^  received  so 
far  an  excess  of  the  latter,  as  to  yield,  with  the  minerals,  a  larger 
cr(^  than  the  average  of  the  locality  under  rotation,  and  larger 
also,  than  the  average  of  seasons  would  ripen  healthily.  It  is  then, 
under  these  artificial  and  abnormal  circumstances,  of  the  somewhat 
unnaturally  low  percentage  of  nitrogen,  from  ob\'ious  defect  of  it  in 
relation  to  the  developing  and  maturing  capabilities  of  the  season 
on  the  one  hand,  and  the  obviously  relative  excess  of  it  on  the 
other,  that  we  got  an  increased  percentage  of  nitrogen  in  wheat- 
grain  by  the  use  of  it  in  manure.  Even  under  these  extreme 
conditions,  the  range  of  variation  by  manuring  is  very  small ;  and 
there  is  nothing  in  the  evidence  that  justifies  the  opinion,  tliat, 
within  the  range  of  full  crops  and  healthy  maturation,  the  per- 
centage of  nitrogen  in  wheat  grain,  can  be  increased  at  pleasure  by 
the  use  of  it  in  manure.  That  very  opposite  extremes  of  condition 
of  soil-supply,  may  directly  influence  the  composition  even  of 
wheat-gi'ain,  is  however,  illustrated  in  the  percentages  of  mineral 
matter,  as  well  as  those  of  nitrogen,  given  in  the  table.  Thus, 
taking  the  mean  results  only,  we  have  with  the  relative  excess  of 
mineral  constituents  on  the  unmanured  plot,  the  highest  per  cent, 
in  the  produce ;  with  the  greatest  relative  defect  on  the  plot  with 
ammoniacal  salts  only,  the  lowest  per  cent,  in  the  grain ;  and  with 
the  medium  relation  in  the  other  plots,  the  medium  per  cent,  in 
the  produce.  Excepting,  however,  abnormal  conditions,  as  already 
remarked,  variation  in  climatic  circumstances,  has  much  greater 
influence  on  the  percentage-composition  of  wheat-grain,  than 
variation  in  manviring. 

Let  us  now  turn  to  the  composition  of  the  ash  of  wheat-grain. 
Independently  of  the  defect  of  a  sufficient  number  of  published 
analyses  of  wheat-grain  ash,  a  dozen  years  ago,  when  we  took  up 
the  subject,  it  was  then  generally  believed  that  the  composition 
of  the  ash  of  vegetable  produce,  would  vary  considerably  with 
the  supplies  of  the  different  constituents  in  the  soil;  it  was 
thought  indeed,  that  according  to  the  abundance  of  their  presence, 
one  base  might  substitute  another,  as  for  instance  soda,  potash, 
and  so  on.  About  the  same  time  that  we  undertook  a  series  of 
wheat-ash  analyses,  the  ashes  of  various  succulent  vegetables  were 
also  analysed.  This  latter  investigation  led  us  to  conclude,  that  the 
fixitv  of  the  composition  of  the  ash  of  such  substances,  depended 
very  much  upon  the  dcgjrec  of  maturation  of  the  produce;  and  in 


ON  THE  COMPOSITION  OF  WHEAT-GRAIN,  &C.  15 

fact  that  some  constituents — soda  and  chlorine  for  instance — 
occurred  in  much  larger  quantities  in  the  more  succulent  and 
unripe,  than  in  the  more  elaborated  specimens.  It  seemed  to  be 
perfectly  consistent  with  this  experience,  to  find  in  the  ash  of  a 
comparatively  perfected  vegetable  product  like  wheat-grain,  a  con- 
siderable uniformity  of  composition — such  indeed  as  the  analyses 
now  to  be  recorded  will  indicate. 

These  analyses  were  made  ten  years  ago  by  Mr.  Dugald 
Campbell,  and  the  late  Mr.  Ashford.  And  as,  since  that  time, 
the  methods  of  ash-analysis  have  in  some  points  been  improved 
upon,  it  will  be  well  to  give  an  outline  of  the  plan  then  adopted : 
especially  as  it  is  by  a  consideration  of  the  tendencies  to  error  on 
some  points,  that  we  must  interpret  the  bearings  of  the  actual 
figures  given.  On  this  point  we  need  only  add,  that  Mr.  Camp- 
bell fully  concurs  in  the  tenor  of  our  remarks. 

Method  of  Analysis  : — Three  portions  of  ash  were  taken. 

No.  1.  In  this  the  sand,  siKca,  and  charcoal,  phosphate  of  iron, 
phosphoric  acid,  lime,  and  magnesia,  vere  determined.  The  ash 
was  dissolved  in  dilute  hydrochloric  acid,  evaporated  to  perfect 
dryness,  moistened  with  hydrochloric  acid,  boiled  with  water,  and 
the  insoluble  matter  collected  and  weighed,  as — sand,  silica,  and 
charcoal.  To  the  filtrate,  acetate  of  ammonia  was  added,  and 
after  digestion,  the  precipitate  separated,  dried,  ignited  and  weighed 
— as  phosphate  of  iron.  To  the  filtrate  now  obtained,  a  solution 
of  a  weighed  portion  of  pure  iron  dissolved  in  nitro-hydrochloric 
acid  was  added,  then  acetate  of  ammonia,  and  the  mixture 
digested  until  the  whole  of  the  iron  was  precipitated  as  phosphate 
of  the  peroxide  with  excess  of  peroxide,  from  which  was  calculated 
the  phosphoric  acid.  From  the  solution  filtered  from  the  phos- 
phate of  iron  and  oxide  of  iron,  the  lime  was  separated  as  oxalate 
and  ignited  as  carbonate;  and  fi'om  this  last  filtrate, the  magnesi-a, 
by  phosphate  of  soda  and  ammonia. 

No.  2.  A  second  portion  of  ash  was  put  into  a  carbonic  acid 
apparatus,  the  acid,  if  any,  evolved  by  means  of  nitric  acid,  and 
determined  by  the  loss.  The  solution  being  filtered,  sulphuric 
acid  was  separated  by  nitrate  of  baryta;  and  afterwards  chlorine 
by  nitrate  of  silver. 

No.  3.  To  a  solution  of  a  weighed  portion  of  the  ash  in 
hydrochloric  acid,  caustic  baryta  was  added  in  excess,  and  the 
precipitate  separated  l)y  filtration ;  the  excess  of  baryta  was  then 
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removed  by  carbonate  of  ammonia,  and  the  filtered  solution 
evaporated  to  dryness,  the  residue  heated  to  redness  and  weighed ; 
water  added,  any  insoluble  matter  deducted,  and  the  remainder 
taken  as  chlorides  of  potassium  and  sodium ;  a  solution  of  chloride 
of  platinum  was  now  added  to  separate  the  potash;  the  soda  being 
calculated  from  the  loss. 

It  is  now  admitted,  that  the  separation  of  phosphate  of  iron 
from  the  earthy  phosphates  by  acetate  of  ammonia  as  above 
described,  is  unsatisfactory ;  and  it  is  probable  the  amounts  given 
in  the  tables  as  phosphate  of  iron  are  too  high,  and  if  so,  part  of 
the  difference  should  obviously  go  to  the  earthy  bases.  For  a 
similar  reason  it  is  possible  that  the  phosphoric  acid  determinations 
may  be  somcAvhat  too  high — also  at  the  expense  of  the  earthy 
bases.  Then  again,  it  is  well-known  that  in  practice  the  process 
for  potash  and  soda,  is  one  of  some  delicacy ;  and  that  the  tendency 
of  manipulative  error  is  to  give  the  soda  somewhat  too  high.  We 
conclude  upon  the  whole,  that  our  phosphoric  acid  determinations 
may  be  somewhat  high;  our  phosphate  of  iron  pretty  certainly 
so ;  and  probably  the  soda  also ;  the  other  bases  being,  on  this 
supposition,  given  somewhat  too  low. 

The  wheat-grain  ash-analyses,  23  in  number,  and  referring  to 
the  produce  of  three  separate  seasons,  and  of  very  various  manur- 
ing, are  given  in  the  following  Tables — numbered  IV,  V  and  VI 
respectively. 
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It  is  at  once  seen,  that  this  ash  may  be  reckoned  to  contain 
neither  sulphuric  acid,  carbonic  acid,  nor  chlorine.  The  latter  at 
least  occurred  only  occasionally,  and  then  in  such  small  quantities, 
as  to  lead  us  to  the  supposition  that  its  presence  is  accidental,  or 
at  any  rate  not  essential,  in  the  ash  of  a  perfectly-ripened  grain. 
From  the  frequent  absence  of  soda  again,  and  from  the  uncertainty 
in  its  determinations  as  above  alluded  to,  we  are  led  to  look  at  it 
as  an  equally  unessential  ingredient  in  the  grain-ash  of  perfectly 
ripened  wheat.  Excluding  then  the  chlorine,  the  soda,  the  iron  of 
the  phosphate  of  iron,  and  that  portion  of  the  matter  collected  as 
insoluble,  which  may  have  been  soluble  silica — the  whole  of  these, 
on  the  average,  amounting  to  a  very  few  per  cent. — the  ash  of 
wheat-grain  is  seen  to  consist  essentially  of  phosphates  only ;  the 
bases  being  potash,  magnesia,  and  lime.  The  potash  amounts  to 
nearly  one-third  of  the  whole  ash ;  the  magnesia  to  rather  more 
than  one-third  of  the  potash ;  and  the  lime  to  about  one-third  of 
the  magnesia. 

If  we  now  compare  with  one  another  the  analyses  of  the  eight 
different  ashes  in  1844,  those  of  the  seven  in  1845,  or  of  the  six  in 
1846,  having  regard  to  the  manures  by  which  the  crops  were 
grown,  it  is  impossible  to  say  that  these  have  had  any  direct  and 
well-defined  influence  upon  the  composition  of  the  ash  of  the  grain. 
Thus  we  find,  looking  at  the  Table  for  1844,  that  several  of  the 
plots  manured  with  superphosphate  of  lime,  yield  a  grain-ash 
having  no  higher  percentage  of  phosphoric  acid  than  that  of  the 
unmanured  plot.  Again,  where  potash  is  added  (plots  15,  16,  and 
18),  the  percentage  of  it  in  the  ash  is  not  greater  than  the  average 
of  the  cases  where  it  Avas  not  employed.  And  again,  in  the  only 
case  where  soda  was  employed  (plot  16),  there  is  none  of  it  found 
in  the  ash ;  nor,  lastly,  is  the  percentage  of  magnesia  obviously 
increased  by  the  use  of  it  in  manure.  A  similar  detailed  consi- 
deration of  the  composition  of  the  ashes  of  the  seasons  of  1845 
and  1846,  would,  as  already  intimated,  lead  to  a  similar  conclusion. 
In  fact,  the  variations  in  the  composition  of  the  ash  of  this  supposed 
ripened  product,  according  to  the  manure  by  which  it  is  grown, 
seem  to  be  scarcely  beyond  the  limits  of  error  in  the  manipulation 
of  the  analysis ;  though,  one  case  at  least  of  the  duplicate  analysis 
of  the  same  ash — namely,  that  of  No.  9,  1844 — indicates  the  range 
of  variation  from  this  cause  to  have  been  but  small ;  in  the  other, 
(No.  17,  1845)  it  was  somewhat  greater. 

Although  the  accuracy  of  the  analyses  may  not  be  such  as  to 
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show  the  diflFerence  in  composition,  if  any,  dependent  on  manure, 
yet  it  is  found  to  be  quite  adequate  to  indicate  the  marked  diffe- 
rences in  the  degree  of  development  and  maturation  of  the  grains, 
dependent  upon  season.  Before  calling  attention  to  the  figures 
illustrating  this  point,  it  should  be  remarked  that  the  season  of 
1845  was  the  worst  but  one,  and  that  of  1846  nearly  the  best,  for 
ripening  the  grain,  during  the  thirteen  years  of  our  continuous 
growth  of  wheat.  And  we  shall  find,  consistently  with  this,  and 
with  the  conclusions  arrived  at  in  connection  with  Tables  I  and 
III,  that  the  variation  in  the  composition  of  the  ash  is,  comparing 
one  year  with  another,  much  the  greatest  in  the  produce  of  the 
bad  ripening  season  1845,  and  much  the  least  in  the  good  ripening 
season  1846.  This  point,  and  some  others,  are  illustrated  in  the 
following  Summary  Table,  No.  VII. 
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Looking  at  the  first  Division  of  this  Table  VII,  it  is  seen  that 
in  the  item  of  phosphoric  acid,  the  variation  in  the  percentage 
among  the  several  cases  in  each  year,  is  the  greatest  in  1845,  and 
the  least  in  18 16 ;  in  the  phosphate  of  iron,  it  is  the  greatest  in 
1845;  in  the  potash,  it  is  the  greatest  in  1845,  much  less  and 
about  equal,  in  1844  and  1846;  in  the  soda,  it  is  much  the 
greatest  in  1845,  and  much  the  least  in  1846 ;  in  the  magnesia,  it 
is  again  far  the  greatest  in  1845,  and  it  is  the  least  in  1846.  In 
the  case  of  the  lime,  we  have  an  exception  to  this  general  indica- 
tion, dependent  on  the  two  low  amounts  of  it  given  for  Nos.  3 
and  3,  1846;  but  if  these  are  really  in  error  in  the  direction 
suggested  at  the  foot  of  Table  VI,  the  indication  would  be  the 
same  as  for  the  other  constituents.  We  have  then  in  the  circum- 
stances of  the  seasons,  and  in  the  comparative  characters  of  the 
produce  coincident  with  these  variations,  the  evidence  that  for 
one  and  the  same  description  of  grain,  in  a  perfectly  matured 
condition,  the  composition  of  the  ash  mil  be,  within  certain 
narrow  limits,  constant. 

So  far  as  the  constituents  of  the  ash  of  the  entire  grain  of  wheat 
is  concerned,  we  liave  only  further  to  call  attention  to  the  three 
other  Divisions  of  this  Summary  Table  No.  VII.  In  these  are 
shown,  side  by  side  : — 

In  the  second  Di^^ision  of  the  Table,  the  mean  composition  of 
the  ashes  for  each  of  the  three  separate  years ; 

In  the  third  Division,  the  mean  composition  for  the  three  years 
together  :  (a)  of  the  grain-ash  from  the  unmanured  plot —  (6)  of 
that  from  the  farm-yard  manured-plot — (c)  of  the  grain-ashes 
from  all  the  other  manures  during  the  three  years,  including  17 
cases;  and 

In  the  fourth  and  last  Division,  the  mean  composition  of  all 
our  own  wheat  grain-ashes  analyzed,  23  in  number,  by  the  side  of 
the  mean  of  26  analyses  of  the  grain-ashes  of  wheat,  of  different 
descriptions  or  grown  in  different  localities,  published  by  Mr.  Way. 

We  will  go  into  very  little  detail  discussions  of  these  mean 
results,  as  the  points  they  illustrate  have  most  of  them  already 
been  alluded  to.  We  may  first  remark,  as  a  point  to  which  we 
shall  recur  further  on,  that  the  mean  percentage  of  lime,  is  the 
least  in  the  bad  year  1845,  and  the  greatest  in  the  good  year  1846. 
Again,  it  is  greater  in  the  average  from  the  manured  plots,  than 
in  that  from  the  unmanured.  We  may  perhaps  here  anticipate 
by  saying,  that  this  is   at  any  rate  consistent  with  what  we  shall 
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afterwards  have  to  record^  namely,  that  the  ash  of  the  finer  flour 
— of  which  there  is  a  greater  proportion  in  the  grain  of  the 
seasons  of  best  maturation — contains  more  lime  than  that  of  the 
coarser  and  more  branny  portions  of  the  grain. 

Lastly,  in  reference  to  this  Summary  Table,  we  would  call 
attention  to  the  mean  composition  of  wheat  grain-ash  yielded  by 
the  26  analyses  given  by  Mr.  Way,  by  the  side  of  that  of  the  23 
specimens  grown  at  Rothamsted.  Mr.  Way's  analyses,  equally 
with  our  own,  show  that  wheat  grain-ash  essentially  consists  of 
phosphates  of  potash,  magnesia,  and  lime.  He,  however,  if  we 
exclude  silica,  gives  higher  percentages  of  base,  and  a  lower  one  of 
acid,  than  our  own  analyses  indicate.  Mr.  Way's  average  amount 
of  phosphoric  acid  is  indeed  nearly  5  per  cent,  less  in  the  ash  than 
ours.  His  series,  however,  included  many  descriptions  of  wheat, 
and  our  own  only  one — the  Old  Red  Lammas.  In  several  of  his 
cases,  too,  we  observe  that  the  percentage  of  this  acid  very  closely 
approximates  to  our  own  average. 

We  have  now  given  a  summary  view  of  some  points  of  the 
composition  of  the  entire  wheat-grain,  and  of  its  ash,  as  affected 
by  varying  season,  and  various  manuring.  AYe  next  turn  to  an 
equally  summary  statement,  of  a  large  number  of  experiments 
made  in  reference  to  the  yield,  and  composition,  of  the  various 
products  separated  in  the  milling  process.  The  grains  operated 
upon  with  this  view,  were  of  the  same  description  of  wheat,  but 
grown  experimentally  in  different  seasons,  and  under  different 
conditions  of  manuring. 

There  have  been  many  observations  recorded  as  to  the  percent- 
age of  flour  obtained  in  practice  from  100  parts  of  grain,  and  in  a 
subsequent  Table  some  of  these  will  be  adduced.  We  are  also 
indebted  to  M.  Boussingault  for  the  determination  of  the  flour 
and  of  the  bran,  yielded  by  24  different  descriptions  of  wheat,  all 
grown  side  by  side  in  the  Jardin  des  Plantes  at  Paris.  His 
method  was  to  powder  the  grains  in  a  mortar,  and  separate  the 
flour  and  bran  by  means  of  a  silken  sieve.  Results  of  this  kind 
can,  perhaps,  scarcely  be  compared  with  those  of  the  ordinary 
mill.  The  differences  exhibited  between  the  different  specimens 
were  indeed  very  great ;  but  the  comparisons  afforded  within  the 
series  itself  are  interesting  and  very  curious. 

In  our  own  experiments,  the  so-called  Colonist's  steel  hand-mill 
was  first  had  recourse  to ;  as  it  was  thought  that  by  its  use,  rather 
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than  that  of  an  ordinary  flour-mill,  much  smaller  quantities  of 
grain  might  be  submitted  to  experiment,  and  that  uniformity  of 
working  would  also  be  more  within  our  control.  It  was  soon 
found,  however,  that  in  all  cases  the  grain  was,  in  this  steel-mill, 
rather  cut  up  than  crushed  and  rubbed  down,  as  between  ordinary 
mill-stones.  It  was  also  found,  that  the  action  in  this  respect 
varied  considerably  according  to  the  speed  of  the  operator,  and  to 
the  precise  set  of  the  mill,  which  required  to  be  varied  according 
to  the  character  of  the  grain.  From  these  causes  a  statement  of 
the  amount  of  the  yield,  of  the  various  products  obtained  from  the 
steel  hand-mill,  would  be  of  little  value.  Though  further  on  we 
shall  have  to  call  attention  to  some  interesting  points  connected 
with  the  comparative  composition  of  the  several  products  of  the 
grains  mechanically  separated  in  this  way. 

We  next  determined  to  submit  a  series  of  the  experimentally 
grown  grains,  to  careful,  and  as  far  as  possible,  uniform  treatment 
between  the  stones,  and  in  the  dressing  apparatus,  of  an  ordinary 
flour-mill.  The  mill  in  question  was  worked  by  water-power. 
From  125  to  250  lbs.  of  the  several  grains  were  submitted  to  the 
experiment;  the  whole  of  the  apparatus  being  carefully  cleared  of 
the  products  of  one  specimen  before  another  was  commenced 
upon.  The  weights  and  samples  of  the  "  meaW  as  fiu'nished  by 
the  stones,  and  of  the  several  products  separated  in  the  dressing- 
machine,  were  taken  under  our  own  personal  superintendence. 
Even  here,  and  although  every  possible  precaution  was  taken, 
considerable  irregularities  in  the  action  of  the  apparatus  were 
manifest,  depending  partly  on  the  varying  characters  of  the  grain. 
Indeed  it  was  clear,  that  to  obtain  results  as  to  comparative  yield 
of  flour,  strictly  referable  to  the  practical  qualities  of  the  respective 
grains,  it  would  be  necessary  to  operate  on  much  larger  quantities 
of  each  than  those  even  now  taken,  in  order  that  the  miller  might 
so  re-adjust  the  set  of  his  stones,  as  the  work  proceeded,  according 
to  the  character  of  the  grain  and  of  the  meal  which  it  afforded,  as 
to  get  from  each  its  largest  yield,  as  he  would  do  in  working  upon 
considerable  quantities.  In  all,  twenty-eight  lots  of  grain  were 
operated  upon  in  this  way ;  and  although,  as  above  implied,  and 
as  will  be  pointed  out  further  on,  the  results  might  in  some  points 
have  been  somewhat  diflferent  with  larger  quantities,  yet  the 
miller,  after  a  careful  examination  of  all  the  products,  decided 
that  their  general  bearings  were  to  be  fully  trusted. 

In  some  cases  the  meal  obtained  from  the  stones  was  separated 
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in  the  dressing  apparatus  into  nine  products,  and  in  others  the 
products  of  the  first  three  wires  were  taken  together,  constituting 
the  bulk  of  the  fine  flour  obtainable,  and  amounting  to  only  about 
70  per  cent,  of  the  grain.  In  practice,  however,  the  fourth 
product  of  the  dressing  machine,  "  Tails,"  is  generally  redressed, 
and  the  fifth,  "Fine  Sharps"  or  "Middlings"  reground  and 
redi'essed,  together  raising  the  amount  of  good  bread-flour  to 
about  80  per  cent.,  or  sometimes  more.  The  sixth  product  is 
called  "  Coarse  Sharps ;"  the  seventh,  "  Fine  Pollard ;"  the  eighth, 
"Coarse  Pollard;"  and  the  ninth,  "Long  Bran'^  It  should  be  stated, 
however,  that  mills  vary  very  much  in  the  arrangement  of  their 
dressing  machines  in  difl'erent  localities,  and  even  in  the  same 
locality;  so  that  the  exact  division  of  the  products  here  given, 
will  not  apply  invariably. 

In  Table  VIII  are  given — 

1st.  In  the  upper  division  of  the  Table,  the  percentage  yield  in 
100  meal,  of  each  of  the  mUl  products,  7  or  9,  as  the  case  may  be; 
each  figure  being  the  mean  of  several  experiments. 

2nd.  (In  the  middle  division  of  the  Table) — The  mean  per  cent, 
of  dry  substance  (at  212°),  in  each  flour,  bran,  &c.     And, 

3rd.  The  mean  per  cent,  of  mineral  matter  (asli),  in  each  of  the 
same  mill  products. 

As  will  be  seen,  seven  of  the  specimens  were  grown  in  1816, 
nineteen  in  1847,  and  two  in  1818;  and  in  order  to  give  some 
idea  of  the  general  character  of  the  produce  yielding  the  results  in 
each  of  the  separate  columns,  there  is  given  at  the  head  the  mean 
bushels  per  acre,  the  mean  weight  per  bushel,  and  the  mean  per 
cent,  of  corn  in  total  produce,  of  the  specimens  to  which  the  column 
refers. 
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TABLE  VIII. 

Shomng  the  yield  of  the  different  Mill  Products  from  100  of  Grain ;  and  their 
Per-cent-ages  of  Dry  Substance  and  Mineral  Matter. 

Mean  Eesults. 
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Yield  of  Flour,  Bran,  &c.,  in  100  Meal. 
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Per  Cent.  Dry  Substance  (at  212°  F.)  in  each  Flour,  Bran,  &c. 
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2.  Wire  2     

3.  Wire  3     

Products  1,  2,  and  3  together. 

4.  Tails         

5.  Fine  Shai'jjs  or  Middlings 

6.  Coarse  Sharps 

7.  Fine  Pollard       

8.  Coai-se  PoUard 

9.  Long  Bran  


81-4 
84-5 
84-5 


84-4 
83  1 


87-3 
86-4 
86-3 


85-2 
84-9 


85-1 
85-8 
84-9 
85  '5 


83-8 

85-4 

84-4 

83-8 

85-4 

84-3 

83-7 

85  2 

84-5 

83  7 

85-2 

84-3 

83  9 

85-2 

84-5 

83-9 

85-2 

84-4 

83-8 

84-6 

83  8 

85-3 

84-1 

84  3 

85-2 

85  5 

84-8 

85-0 

85-5 

85-0 

84-0 

84-7 

85-3 

84-1 

84-5 

85-3 

84-5 

82-2 

86-2 

85-4 

85-7 

85-3 

85-4 

85-4 

82-2 

So  -5 

85-7 

86-4 

84-8 

85-7 

85-3 

82 -fi 

86-0 

86-2 

85  5 

85-3 

86-2 

85-4 

83-1 

85  6 

85-7 

85-8 

85-1 

85-7 

85-3 

Per  Cent.  Mineral  Matter  (Ash)  in  each  Flour,  Bran,  &c. 


1.  Wirel      

2.  Wire  2      

3.  Wire  3     

0-70 
0-71 
0-75 

0-68 
0/1 
0-74 

0-70 
0-73 

0-87 

0-70 
0-71 
0-75 

0-68 
0-71 
0-74 

0  70 
0-73 

0-87 

0-69 
0-71 
0  73 

•284 
•1.32 
•067 

Products  1,  2,  and  3,  together. 

4.  Tails         

5.  Fine  Sharps  or  Middlings 

0-92 
1-82 

0-71 

101 
1-88 

0-93 
lo4 

0-70 

108 
2  43 

1  04 

1-88 

0-71 

0-97 
1-85 

0-70 

105 
2-24 

0-77 

1  04 

1-88 

0-71 

103 
2-12 

483 

•054 
•186 

6.  Coarse  Sliarps 

7.  line  Pollard       

(s.  Coarse  Polliud 

9.  Long  Bran          

Total 

3-77 
5 -86 
6-91 
7  '03 

4-35 
6  01 
fi-85 

7 '27 

3-74 
5  45 
fi-41 
G-67 

4-43 

5  65 

6  39 

7  19 

3-54 
5  03 
5-84 
G-31 

4-10 
5-94 
6-88 
7  12 

4  2S 
5-61 
6-39 

7-08 

3  54 
5  03 
5-84 
6-34 

4-18 

5  65 

6  47 

7  11 

•142 
•136 
420 
•213 

1  634 
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After  the  remarks  already  made,  little  need  be  said  in  detail 
regarding  the  comparative  yield  of  the  various  products  by  100 
parts  of  the  different  meals.  It  was  decided  by  the  mDler,  that 
pretty  uniformh^  there  was  too  much  flour  left  in  the  fourth,  but 
particularly  in  the  fifth  product ;  and  this,  as  an  inspection  of  the 
Table  will  show,  was  ob\dated  in  the  later  experiments,  namely, 
those  on  the  grain  of  the  harvest  1848,  So  far,  then,  the  variation 
of  the  result  is  more  due  to  the  management  of  the  miller,  than  to 
the  intrinsic  character  of  the  grain. 

It  is  more  interesting  to  observe,  that  a  very  careful  examination 
of  all  the  products  led  to  the  conclusion,  that  the  grains  grown  by 
the  more  nitrogenous  manuring,  and  consequently  in  the  larger 
cvo^s,p7'ovided  they  were  well  developed  and  matured  *  aMoweda-hetteT 
separation  of  the  flour,  and  less  cutting  up  and  intermixture  of  branny 
particles  with  it ;  and  hence,  yielded  a  cleaner  bran  than  the  grain 
of  the  poorer  crops.  This  was  not  the  case,  however,  unless  the 
highly-manured  crops  were  at  the  same  time  well  developed.  It 
is  consistent  with  this  character  of  the  grain  of  the  more  highly- 
manured  crops,  that  the  produce  of  the  heavier  and  richer  wheat- 
lands  is  generally  admitted  to  yield  a  larger  proportion  of  flour. 
The  fact  that  the  grain  of  richly-manured  crops  is  frequently 
coarse,  and  not  the  good  miller^s  sample,  arises  from  the  circum- 
stance, not  of  the  du-ect  effect  of  rich  manuring  in  depreciating 
the  quality  of  the  grain,  but  because  the  larger  crops  are  more 
subject  to  injury  due  to  climatic  circumstances,  and  are  conse- 
quently frequently  less  favourably  developed  and  matured. 

It  will  be  observed,  that  the  amount  of  long  bran  is  always  more 
than  2,  and  in  the  year  of  badly-ripened  grain  (1848),  it  is  nearly 
6  per  cent,  of  the  total  meal.  This  ninth  product,  together  with 
the  three  or  four  immediately  before  it  in  the  list,  yield  us  nearly 
20  per  cent,  of  the  total  meal,  of  such  a  branny  character  as 
seldom  to  be  used  for  human  food.  Some  of  the  more  recent  expe- 
rimenters, MM.  Mill  on  and  Peligot  for  example,  have  concluded 
that  the  amount  of  actual  woody  fibre  in  wheat-grain  is  seldom 
more  than  from  2  to  3  per  cent.  On  this  supposition,  the  nearly  20 
per  cent,  of  the  grain  generally  not  applied  directly  as  human  food, 
would  contain  but  a  small  proportion  of  necessarily  indigestible 
woody  matter;  and  it  would  appear  that  there  was  very  great 
room  for  improvement  in  the  modes  of  preparation  of  the  grain,  if 

♦  It  would  appear  that,  in  a  good  ripening  season,  this  condition  is  best  attained 
when  the  crop  is  cut  before  the  grain  is  perfectly  ripe. 
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it  M'cre  desirable  to  separate  as  human  food  in  the  first  instance,  a 
larger  proportion  of  its  nutritious  matters.  M.  Poggiale,  on  the 
other  hand  J  maintains  that  the  quantity  of  woody  fibre  refractory 
to  the  digestive  organs,  though  not  to  chemical  agents  out  of  the 
body,  is  really  very  considerable.*  But,  of  some  points  of  the 
composition  of  the  various  products,  we  shall  have  to  speak  more 
in  detail  presently. 

In  the  second  or  middle  division  of  Table  VIII,  we  have  the 
average  percentage  of  dry  matter  in  the  different  products.  In 
reference  to  these  results  it  may  be  noticed,  that,  as  might  be 
expected,  the  percentage  of  dry  matter  is  rather  higher  in  the  mill 
products,  than  it  was  in  the  entire  grains  which  yielded  them. 
This  is  particularly  the  case  in  regard  to  the  two  specimens  of  the 
harvest  1848,  the  mill  products  of  which  give,  on  the  average,  a 
higher  per  cent,  of  dry  matter  than  the  samples  of  either  of  the 
other  two  years,  although  the  dry  matter  of  the  entire  grain  of 
that  season  (1848),  was  very  low.  The  differences  are  therefore 
obviously  more  due  to  the  circumstances  of  preservation  and  after- 
treatment,  than  to  distinctions  in  the  character  of  the  respective 
grains.  The  only  other  remark  which  need  be  made  regarding 
the  varying  percentages  of  dry  matter,  is,  that  the  branny,  or  more 
external  portions  of  the  grain,  have  pretty  uniformly  a  higher 
percentage  of  dry  matter  than  the  more  farinal  internal  portions. 

The  widely  differing  percentages  of  mineral  matter  in  the  several 
mill-products  of  the  same  grain,  and  the  variations  in  this  respect, 
even  between  the  corresponding  products  in  the  different  speci- 
mens, in  the  same,  or  in  different  seasons,  are  both  more  striking, 
and  of  greater  interest. 

It  is  seen,  that  we  have  about  ten  times  as  high  a  percentage  of 
ash  in  the  ninth  product,  or  bran,  as  in  the  first  three,  or  purer 
flours.  The  percentage  increases  rapidly  from  the  fourth  to  the 
ninth — that  is  to  say,  the  greater  the  proportion  of  branny  par- 
ticles. A  careful  examination  of  the  more  detailed  Tables  also 
showed,  that  the  variations  in  the  percentage  of  mineral  matter  in 
the  corresponding  products  of  different  specimens  of  grain,  had 
a  direct  relation  to  the  percentage,  or  relative  position  of  the 
respective  products,  in  the  100  of  meal;  in  other  words,  to  the 

*  Since  the  above  was  written,  a  very  favourable  report  has  appeared  in  the  "  Comptes 
Kendus  "  (January  12,  1857),  by  MM.  Dumas,  Pelouze,  Pay  en,  Peligot,  and  Chevreul 
— the  Commission  appointed  by  the  Academy  of  Sciences,  to  inquire  into  the  matter 
— on  a  new  process  of  M.  Mfege  Mouri^s,  which  claims  to  yield  a  perfectly  white, 
wholesome,  and  agreeable  bread,  employing  86—88  per  cent,  of  the  entire  grain. 
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proportions  of  flour  or  of  bran  which  they  respectively  contained. 
Although^  however^  the  percentage  of  mineral  matter  is  so  very 
much  greater  in  those  portions  of  the  grain  which  are  not  gene- 
rally used  in  the  first  instance  as  human  food,  yet,  an  inspection 
of  the  last  column  of  the  Table,  showing  the  distribution  of  the 
mineral  matter  in  the  several  products  of  100  of  meal,  according 
to  the  amount  of  each  of  these,  will  show  that,  even  in  our  first 
three  products,  we  have  nearly  one-third  of  the  whole  mineral 
matter  of  the  grain ;  and  adding  to  these  a  certain  portion  of  that 
in  the  fourth  and  fifth  products,  which  frequently  contribute  to 
the  bread-flour,  we  shall  have  more  than  one-third  of  it  in  the 
currently  edible  portion  of  the  grain.  Further  information  as  to 
the  composition  of  the  respective  mill-products,  and  of  their  ashes, 
will  be  found  in  Tables  IX,  X,  XI,  and  XII. 

In  Table  IX  are  given  the  indi^-idual  nitrogen  determinations 
in  each  of  the  several  mill-products;  those  in  the  first  thi'ee 
columns  being  by  one  experimenter,  and  those  in  the  fourth 
column  by  another.  In  Table  X  is  given  a  collective  -view  of  the 
composition  of  the  same  products,  in  regard  to  some  other  consti- 
tuents, as  far  as  they  have  been  determined ;  including  also  the 
mean  results  of  Table  IX. 

TABLE  IX. 

Determinations  of  Nitrogen  per  Cent,  in  Mill  Products  of 
"Wheat-Grain. 


Harvest 

1846;  GROUND 

1848. 

In  natural  state  of 

dryness. 

Description  of  Mill  Products. 

Experiments. 

Mean. 

1. 

2. 

3. 

4. 

1.  Wire  1        . . 

2.  „     2 

3.  „     3 

1  59 
1-64 
1-77 

1-69 
1-73 

1-78 

1-62 
1-69 
1-79 

1-63 
1-69 
1  -78 

4.  Tails 

6.  Fine  Sharps,  or  Middlings 

1-88 
2-20 

1-86 
2-20 

184 
2-22 

2  '22 

1-86 
2-21 

6.  Coarse  Sharps 

7.  Fine  Pollard 

8.  Coarse  Pollard 

9.  Long  Bran  . . 

2-58 
2-43 
2-41 

2-37 

2-52 
3  37 
2  32 

2-37* 

2-59 
2-48 
2-47 

2-62 
2-48 
2-46 
2-42 

2-58 
2-44 
2-42 
2-39 

By  a  third  experimenter. 
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The  grain  to  wliicli  Tables  IX  and  X  refer,  was  an  equal  mixture 
of  the  produce  from  four  different  plots,  very  variously  manured, 
and  grown  in  the  season  1845-6;  the  harvest  of  which  yielded  one 
of  the  best-matured  grains  throughout  om*  series  of  field  experi- 
ments. The  wheat  in  question  was,  however,  not  ground  until 
1848;  and  we  have  in  the  percentage-yield  of  the  respective  pro- 
ducts, confirmation  of  the  general  opinion,  that  other  things  being 
equal,  old  wheat  yields  up  its  flour  better  than  new.  Thus,  whilst 
in  the  average  of  the  cases  already  recorded,  we  have  little  more 
than  70  per  cent,  of  flour  through  the  first  three  wires,  we  have  from 
this  old  wheat  77^  per  cent.  The  products  4  aijd  5,  from  which  a 
further  yield  of  bread-flour  is  obtained,  were  correspondingly 
small;  but  Nos.  8  and  9  were,  on  the  other^hand,  somewhat 
large. 

The  particulars  given  in  Table  X  are  the  percentages  of  Dry 
Matter,  of  Ash,  and  of  Nitrogen,  in  the  respective  mill-products  of 
this  mixed  grain.  There  are  also  given  the  percentages  of  Matter 
insoluble  in  Acid,  and  o^ phosphoric  acid  in  each  of  the  nine  ashes; 
and  in  the  last  four  columns  we  have  the  distribution  of  the  total 
mineral  matter,  of  the  nitrogen,  and  also  of  the  insoluble  matter, 
and  phosphoric  acid  of  the  ash,  in  each  of  the  nine  products, 
according  to  the  proportion  of  the  latter  in  100  of  the  grain  or 
meal. 

The  percentage  of  Dry  Matter  in  the  several  products  from  this 
old  grain  is,  as  would  be  expected,  somewhat  higher  than  the 
average  from  the  grains  of  the  same  year  which  had  not  been  so 
long  stored.  As  before,  the  percentage  of  Dry  INIatter  shows  a 
tendency  to  increase  as  we  proceed  to  the  outer  portions  of  the 
grain.  The  percentages  of  ash  also  show  the  same  relations  as 
already  pointed  out. 

Referring  to  the  column  of  the  percentage  of  nitrogen  in  each 
of  the  nine  separated  products,  we  find  that  it  is  lowest  in  the 
products  at  the  head  of  the  dressing  machine — that  is,  in  the 
flours ;  and  it  is  half  as  high  again  in  the  more  branny  portions. 
It  is  seen,  however,  to  be  the  highest  of  all  in  the  product  No.  6 ; 
and  somewhat  lower  in  the  coarser  brans.  It  may  be  remarked, 
that  the  indications  of  the  figures  in  this  respect  are  at  any  rate 
consistent  with  such  observations  as  have  been  recorded  regarding 
the  structural  composition  of  wheat-grain;  it  being  stated  that 
the  greatest  concentration  of  nitrogenous  compounds  is  imme- 
diately below  the  pericarp  itself;  and  we  should  expect  that  the 
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longer  bran  would  have  less  of  the  more  internal  matters  adherent 
to  it. 

The  higher  percentage  of  nitrogen  in  bran  than  in  fine  flour, 
has  frequently  led  to  the  recommendation  of  the  coarser  breads  as 
more  nutritious  than  the  finer.  We  have  already  seen  that  the 
more  branny  portions  of  the  grain,  also  contain  a  much  larger 
percentage  of  mineral  matter.  And  further,  it  is  in  the  bran  that 
thelargestproportion  of  fatty  matter — the  non-nitrogenous  substance 
of  highest  respiratory  capacity  which  the  wheat  contains — is  found. 
It  is,  however,  we  think,  very  questionable  whether,  upon  such 
data  alone,  a  valid  opinion  can  be  formed  of  the  comparative  values 
as  food,  of  bread  made  from  the  finer  or  coarser  flours  from  one 
and  the  same  grain.  The  published  evidence  at  command  leads 
to  the  conclusion,  that  of  the  nitrogenous  constituents  of  bran,  a 
much  larger  proportion  is  soluble  in  water,  than  of  those  in  the 
finer  flours.  That  is  to  say,  there  is  in  the  bran,  probably,  a  larger 
proportion  of  the  more  universal  vegetable  compound,  albumen, 
and  less  of  those  more  special  to  the  grain  of  wheat ;  and  hence  we 
may  perhaps  conclude,  that  it  exists  in  a  less  elaborated,  and 
probably,  therefore,  less  assimilable  condition."^  It  is  stated,  on 
the  other  hand,  by  Poggiale,  that  a  large  proportion  of  the 
insoluble  nitrogenous  constituents  of  bran,  occurs  in  a  form  only 
in  an  inferior  degree  digestible.  Again,  it  is  an  indisputable  fact, 
that  branny  particles,  when  admitted  into  the  flour  in  the  degree 
of  imperfect  division  in  which  our  ordinary  milling  processes  leave 
them,  very  considerably  increase  the  peristaltic  action ;  and  hence 
the  alimentary  canal  is  cleared  much  more  rapidly  of  its  contents. 
It  is  also  well  known,  that  the  poorer  classes  almost  invariably 
prefer  the  whiter  bread ;  and  among  some  of  them  who  work  the 
hardest,  and  who  consequently  would  soonest  appreciate  a  diflTe- 
renee  in  nutritive  quality  (navvies  for  example),  it  is  distinctly 
stated,  that  their  preference  for  the  whiter  bread  is  founded  on 
the  fact,  that  the  browner  passes  through  them  too  rapidly ;  con- 
sequently, before  their  systems  have  extracted  from  it  as  much 
nutritious  matter  as  it  ought  to  yield  them. 

*  According  to  M.  M^ge  Mourifes,  before  referred  to,  a  portion  of  the  soluble 
nitrogenous  matter  of  bran  exists  as  a  peculiar  body,  Cerealine,  which  when  dissolved 
up  from  bran  in  water  at  a  given  temperature,  effects  the  solution  of  the  adherent 
starch  also.  His  process  of  extracting  from  the  bran  an  additional  amount  of  the 
bread-material  which  the  grain  contains,  consists  in  fermenting,  after  the  addition  of 
some  glucose,  an  infusion  of  the  finer  brans,  straining  off  the  woody  matter,  and  using 
the  fluid  in  making  up  the  dough  with  the  finer  flour. 
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It  is  freely  granted,  that  much  useful  nutritious  matter  is,  in 
the  first  instance,  lost  as  human  food,  in  the  abandonment  of  15 
to  20  per  cent,  of  our  wheat-grain  to  the  lower  animals.  It 
should  be  remembered,  however,  that  the  amount  of  food  so 
applied,  is  by  no  means  entirely  wasted.  And  further,  we  think 
it  more  than  doubtful,  even  admitting  that  an  increased  propor- 
tion of  mineral  and  nitrogenous  constituents  would  be  an  advan- 
tage, whether,  unless  the  branny  particles  could  be  either  excluded, 
or  so  reduced  as  to  prevent  the  clearing  action  above  alluded  to, 
more  nutriment  would  not  be  lost  to  the  system  by  this  action, 
than  would  be  gained  by  the  introduction  into  the  body  coinci- 
dentally  with  it,  of  a  larger  actual  amount  of  supposed  nutritious 
matters.  In  fact,  all  experience  tends  to  show,  that  the  state, 
as  well  as  the  chemical  composition  of  our  food,  must  be  consi- 
dered; in  other  words,  that  its  digestibility,  and  aptitude  for 
assimilation,  are  not  less  important  qualities,  than  its  ultimate 
composition.  Observation  also  tends  to  show,  that  elaboratioQ,  or 
maturation,  have  their  influence  in  determining  the  digestibility 
or  the  assimilability  of  our  food — both  the  vegetable  and  animal. 
But  to  this  point  we  shall  refer  again  presently. 

Returning  to  the  experimental  results  in  Table  X,  the  next 
point  of  remark  is  as  to  the  amount  of  matter  insoluble  in  acid,  in 
the  ash  of  the  respective  mill-products.  It  is  seen,  that  the 
percentage  of  such  matter  is  very  much  greater — indeed  in  this 
particular  case,  ten  times  greater — iu  the  ash  of  the  finest  flour, 
than  in  that  of  the  coarsest  bran.  It  was  at  first  thought  that 
this  must  be  an  error.  Some  repetitions  were  therefore  made,  and 
the  products  of  the  steel-hand-mill  were  also  examined;  when  it 
was  found  that  the  result  in  question  was  fully  confirmed.  It 
would  be  interesting  to  examine  the  series,  to  determine  what 
proportion  of  this  insoluble  matter  is  really  proper  mineral  consti- 
tuent of  the  respective  products,  and  how  much  adventitious 
merely.  On  consideration,  it  will  however  be  clear,  that  the 
process  of  dressing  the  meal  would  tend  to  shake  and  clean  the 
bran,  from  all  adherent  matters ;  which,  if  silicious,  as  well  as  the 
particles  arising  from  the  abrasion  of  the  mill-stones,  would  natu- 
rally be  fomid  among  the  heavier  products  at  the  head  of  the 
machine.  That  is  to  say,  they  would  be  found  iu  larger  propor- 
tion in  the  flour,  whilst  the  bran  by  the  mechanical  methods  of 
its  separation,  would  be  almost  entirely  freed  from  them.  Accord- 
ing to  published  analyses,  it  would  appear,  however,  that  silica^  as 
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distinguished  from  merely  insoluble  sandy  matter,  does  exist  to  a 
considerable,  though  variable  extent,  in  the  ash  of  entire  wheat- 
grain.  And  from  the  results  now  given,  it  may  perhaps  be 
concluded,  that  this  constituent  found  to  exist  so  constantly  in 
some  animal  substances,  does  really  occur  in  larger  amount  in 
those  portions  of  wheat-grain  which  are  best  adapted  as  food  ? 

Phosp/ioi'ic  acid,  on  the  other  hand,  is  seen  to  be  in  smallest 
proportion  in  the  ash  of  the  flour  at  the  head  of  the  dressing 
machine ;  and  the  percentage  pretty  gradually  augments  as  we 
proceed  from  the  finer  to  the  coarser  and  more  branny  portions, 
the  ash  of  the  latter  being  far  the  richest  in  this  essential  acid."^ 

It  may  further  be  remarked  in  reference  to  the  varying  compo- 
sition of  the  ash  of  the  different  mill-products,  that  in  several 
series  we  have  found  the  magnesia  greatly  to  increase  as  we  pro- 
ceed from  that  of  the  finer  to  that  of  the  coarser  products.  The 
percentage  of  lime  is,  on  the  other  hand,  greatest  in  the  ash  of  the 
flours,  and  less  in  that  of  the  brans.  This  latter  point  is  consistent 
with  a  tendency  discernible,  to  an  increase  in  the  percentage  of 
lime  in  the  ash  of  those  grains  most  matured  in  one  and  the  same 
season,  or  in  the  ash  of  the  grains  grown  in  a  season  of  higher 
maturing  character.  We  may  further  conclude,  from  the  great 
increase  in  the  percentages  both  of  the  phosphoric  acid,  and  of 
the  magnesia,  as  we  proceed  from  the  ash  of  the  flours  to  that  of 
the  brans,  and  also  from  the  very  slight  compensation  from  the 
decrease  in  that  of  the  lime  (the  total  amount  of  lime  being 
relatively  small),  that  the  chief  complementary  constituent  of 
wheat-grain  ash — namely,  potash — will  occur  in  larger  proportion 
in  the  ash  of  the  flours  than  in  that  of  the  brans ;  hence,  its  larger 
amount  will  be  coincident  with  the  larger  amount  of  silica. 

In  the  last  Dinsion  of  Table  X  is  shown  the  distribution  in  the 
respective  products  from  100  of  grain,  or  its  meal — of  the  nitrogen, 
of  the  total  mineral  matter,  and  of  the  insoluble  substance  and 
phosphoric  acid  of  the  latter — which  the  entire  grain  contained. 

It  will  be  seen,  that  notwithstanding  the  percentage  of  nitrogen 
is  so  much  greater  in  the  branny  products,  yet  owing  to  the  smaller 
amount  of  these,  by  far  the  larger  proportion  of  the  total  nitrogen 
of  the  grain  is   accumulated  in  the  flours.     In  fact,  in  the  case 

*  Probably  a  portion  of  the  phosphoric  acid  existing  in  vheat-grain-ash  is  due  to 
the  oxidation,  during  incineration,  of  piiosphonis,  found  by  Professor  Voelcker  to 
exist  in  such  large  aniouut,  associated  with  the  nitrogenous  bodies.  See  also  Professor 
H.  Rose  on  this  subject — Poggendorff's  Annalen,  vol.  Ixxvi.  p.  305. 
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before  us  about  tbree-fourths  of  the  nitrogen  would  be  accumu- 
lated in  those  of  the  products  which  would  be  ordinarily  used  for 
bread,  or  for  human  food  in  other  forms.  On  the  other  hand,  only 
about  two-fifths  of  the  total  mineral  matter  would  be  found  with 
this  three-fourths  of  the  nitrogen.  Of  the  phosphoric  acid  again, 
the  larger  amount  is  distributed  in  the  branny  portions ;  only 
about  one-third  of  it  being  obtained  in  the  bread  flours.  At  the 
foot  of  these  columns  of  the  distribution  of  the  constituents,  the 
percentage  in  the  entire  grain  or  meal  of  the  items  as  determined 
by  analysis  in  each  separate  product,  is  given  by  the  addition  of 
these  items  so  obtained ;  and  the  percentage  so  calculated  agi'ces 
very  closely  with  that  which  the  analysis  of  the  entire  wheat-grain 
or  its  ash  would  indicate.  Thus  we  may  mention,  that  according  to 
the  sum  of  the  phosphoric  acid  distributed  in  the  different  products, 
we  have  50" 7  per  cent,  of  it  in  the  ash  of  100  of  grain  or  meal; 
whilst  the  average  percentage  obtained  in  the  analyses  of  the  six 
ashes  of  the  produce  of  the  same  season,  was  49'8,  an  approxima- 
tion sufficiently  near  to  give  some  confidence,  at  least  in  the 
relative  accuracy  of  the  numerous  analytical  results  involved  in 
such  an  estimate. 

Before  leaving  the  question  of  the  comparative  chemical  compo- 
sition of  the  different  products  obtained  by  means  of  mechanical 
separation  from  wheat-grain,  attention  may  be  called  to  some 
results  of  this  kind,  in  connection  with  the  products  of  the  Colonial 
steel-hand-mill,  which  was  first  employed  in  these  experiments. 
As  will  be  seen,  the  results  now  to  be  recorded  agree  in  general 
tendency  with  those  already  given ;  yet  they  have  some  special  and 
curious  points  of  interest.  The  individual  nitrogen  determinations 
are  given  in  Table  XI,  and  the  collected  results  of  the  examination 
of  the  various  products  in  Table  XII. 
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TABLE  XI. 

Nitrogen  per  Cent,  in  the  Products  of  Wheat-Grain,  from  the 
Colonial  Steel-hand-mill. 

(In  natural  State  of  Dryness.) 


Wheat-Grain, 

Harvest  1846. 

Unmanured. 

Manured. 

Products  from 

Experiments. 

Mean. 

Experiments. 

Mean. 

1. 

2. 

1. 

2. 

First  Grinding  : — 
AVire  1   . . 
Wire  2  .. 

1-94 
1-57 

1-89 
1  59 

1  91 
1-58 

1-59 
1-44 

1-60 
1  -49 

1-59 
1-47 

Second  Grinding : — 
Wire  1    . . 
Wire  2   . . 
Wire  3   . . 

1-89 
1-73 
1-78 

1-90 
1-78 
1-76 

1-89 
1-76 
1-77 

1-60 
1-53 
1-58 

1-61 
1   65 
1-49 

1-60 
1-59 
1-54 

Bran 

2  07 

2  09 

2  08 

1-69 

1-79 

1-74 
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It  should  be  mentioned^  in  reference  to  the  working  of  the  steel- 
hand-mill,  that  on  passing  the  grain  through  the  apparatus,  four 
products  were  first  obtained,  namely,  two  fine  flours,  thirds,  and 
bran;  the  last  two  products  of  the  first  grinding  being  mixed 
together,  were  passed  through  the  mill  a  second  time,  and  four 
products  again  separated.  After  this  explanation,  the  designation 
of  the  products  in  Tables  XI  and  XII  will  be  sufficiently 
intelligible. 

With  the  information  derived  from  the  previously  recorded 
results,  a  glance  at  the  percentages  of  ash  iu  the  several  products 
of  the  different  grains,  as  given  in  Table  XII,  wiU  show  that  the 
so-called  "  bran"  here  obtained,  retained  more  flour  than  from  the 
ordinary  flour-mill.  In  fact  it  Avas  obviously  pretty  nearly  equi- 
valent to  the  9th,  8th,  7th,  6th,  and  part  of  the  5th  products  of 
the  ordinary  mill  taken  together.  The  five  flours,  on  the  other 
hand,  but  especially  the  three  from  the  second  grinding,  obviously 
contained  rather  more  branny  particles  than  the  ordinary  bread- 
flours  of  the  other  series  of  the  experiments.  Such,  indeed, 
was  the  obvious  character  from  an  inspection  of  the  various 
products. 

Consistently  with  the  character  of  the  products  thus  defined, 
the  variations  in  their  percentages  of  nitrogen  are,  upon  the  whole, 
much  less  than  in  the  former  series;  but  such  as  they  are  they  are 
very  curious.  Thus  in  both  instances,  though  in  a  less  marked 
degree  in  the  manured  than  in  the  unmauured  specimens,  the  first 
product  of  the  first  grinding,  gives  a  higher  percentage  of  nitrogen 
than  the  second ;  that  of  the  latter  being  in  both  cases  exceedingly 
low.  In  the  products  of  the  second  grinding,  the  tendencies  are 
again  parallel  in  the  two  series.  Here  again  the  first  product 
gives  a  higher  percentage  of  nitrogen  than  the  second.  The  third 
is  about  equal  to  the  second ;  and  the  fourth,  or  bran,  is  in  both 
series  the  highest  of  the  six  products  in  this  respect.  Following 
up  these  curious  results,  which  show  that  the  mechanical  means 
employed  had  the  tendency,  even  within  the  limits  of  the  farinal 
part  of  the  grain,  to  separate  products  of  diflferent  chemical 
characters — we  may  observe,  that  the  fluctuation  in  the  percentages 
of  ash,  are  in  detail  strongly  confirmatory  of  the  direction  of  the 
variations  in  the  amounts  of  nitrogen.  Thus,  wliether  we  look  to 
the  average  percentages  of  nitrogen  and  of  mineral  matter  respec- 
tively, as  influenced  by  season,  and  as  illustrated  in  the  Summary 
Table  No.  I — or  to  the  parallel  amounts  in  the  several  mill-pro- 
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ducts  as  shown  in  Table  X,  we  see  that  Avith  a  rise  in  the 
percentage  of  nitrogen  there  is,  in  comparable  cases,  one  in  that 
of  the  mineral  matter,  and  vice  versa.  If  with  this  point  in  view, 
and  carefully  considering  the  degree  of  these  changes  as  shown  in 
our  more  detailed  Tables,  we  compare  together  the  columns  of 
nitrogen  and  of  ash,  we  find  that  the  fluctuation  in  the  latter  as 
seen  in  Table  XII,  are  perfectly  consistent  in  direction  Avith  those 
in  the  former.  This  is  more  particularly  observable  in  the  products 
of  the  unmanured  specimen. 

The  middle  Division  of  Table  XII,  shoAvs  as  before,  a  rise  in  the 
percentage  of  the  phosphoric  acid  in  the  ash,  as  we  proceed  from 
the  finer  to  the  coarser  products.  The  magnesia,  too,  follows  the 
same  order,  the  ash  of  the  ''bran''''  containing  about  twice  as  much 
as  that  of  the  flours  of  the  first  grinding. 

In  the  last  column  of  the  Table  XII,  for  tlie  sake  of  comparison 
with  the  individual  results  in  the  former  ones,  we  have  the  mean 
percentage  of  mineral  matter  for  each  product,  of  five  lots  of 
grain  which  were  similarly  "experimented  upon  in  the  steel-hand- 
mill. 

The  next  step  in  the  prosecution  of  our  inquiry  would  obviously 
have  been — to  separate  the  different  proximate  organic  compounds, 
of  some  series  of  these  grains  and  their  various  mill-products — 
to  determine  the  amount  and  composition  of  the  mineral  matters 
associated  with  each — and  to  submit  the  different  grains,  and 
their  mechanically  separated  parts,  to  microscopic  examination. 
Had  this  been  accomplished,  the  results  would  probably  have  been 
of  high  interest  to  the  vegetable  physiologist ;  and  they  would 
probably  have  tended  to  throw  some  light  on  the  functional 
actions  or  special  offices,  of  the  different  mineral  constituents 
known  to  be  essential  to  the  groAvth  and  elaboration  of  vegetable 
products.  This  labour,  hoAvever,  from  pressure  of  other  investi- 
gations, we  have  hitherto  been  obliged  to  forego;  though  several 
series  of  the  mill-products  themselves  (necessarily  to  a  certain 
degree  artificially  dried),  and  also  of  their  respective  ashes,  have 
been  pi'eserAcd  with  a  A'iew  to  the  prosecution  of  the  subject, 
either  by  ourselves  or  others,  at  some  future  time,  as  far  as  such 
specimens  Avill  alloAv. 

A  great  many  scientific  observers  have  investigated  the  ques- 
tions— of  the  practical  yield  of  bread-flour  from  100  of  grain  or 
meal — of  the  produce  of  bread  from  100  of  flour — of  the  amoimts 
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of  dry  substance,  of  water,  and  of  nitrogenous  compounds,  in 
bread — and  of  the  changes  which  the  flour  undergoes  in  the  bread- 
making  process.  The  question  as  to  what  are  the  chemical 
qualities  upon  Avhich  depend  the  practical  estimate  of  the  miller 
and  the  baker,  of  the  comparative  values  of  diff'erent  flours  for  the 
purposes  of  bread-making,  has  also  frequently  been  discussed ; 
the  conclusion  generally  arrived  at  being,  that  it  is  the  percentage 
amount  of  nitrogen  or  of  gluten  which  rules  this  practical  estimate. 
The  opinion  that  the  comparative  value  to  the  consumer,  too,  is 
measurable  by  the  same  standard  as  to  chemical  composition,  is 
also  pretty  universal.  With  regard  to  the  latter  points  we  may  at 
once  observe,  that  the  tendency  of  more  recent  investigations  is, 
at  least  to  modify,  the  currently  adopted  views.  That  this  was 
desirable,  the  whole  course  of  our  experimental  inquiry  and  obser- 
vation, during  the  last  twelve  years,  has  led  us  to  believe ;  and  we 
have  occasionally  treated  of  the  subject  in  some  of  its  aspects 
elsewhere. 

Without  hoping  to  settle  dogmatically,  questions  involving  too 
many  factors  to  be  dealt  with  in  such  a  manner,  we  propose  now 
to  adduce  some  few  experiments  and  arguments  of  our  own,  which 
may  have  a  bearing  upon  some  of  those  above  enumerated ;  and 
we  shall  also  provide  as  summary  a  view  as  possible,  in  a  tabular 
form,  of  such  published  results  of  others,  on  some  of  the  points 
capable  of  illustration  in  that  way. 

In  the  following  Table  XIII,  are  given : — 

1st.  The  results  of  some  experiments  of  our  own,  on  the  amount 
of  bread  yielded  by  100  of  the  flour  taken  from  the  diS'erent 
parts  of  the  dressing-machine ;  in  some  cases  using  the  pro- 
ducts of  each  of  the  first  4  wires  separately,  and  in  others  (19 
in  number),  taking  the  products  1,  2,  and  3,  mixed  together. 

2ndly.  The  determinations  (at  212°  F.)  of  the  dry  substance, 
and  of  water,  in  Country,  and  in  London  bakers'  loaves. 

3rdly.  The  recorded  results  of  others,  on — the  yield  of  flour 
fi'om  100  of  grain — the  yield  of  bread  from  100  of  flour — and 
on  the  percentages  of  dry  substance,  and  of  water,  in  bread. 


42 


LAWES    AND    GILBERT 


TABLE    XIII. 

Bread  made  Experimentally, 


Number 

Particulars  of  the  Grains. 

Flour 

from 

100 

grain. 

Bread 

from 

100 

Flour. 

lu  100  Bread. 

of 
Experi- 
ments. 

Harvest. 

Bushels 
per 
Acre. 

Pounds 

weight 

per 
bushel. 

Per  cent 

Corn  in 

Total 

Produce. 

Dry 
Sub- 
stance. 

Water. 

Product  of  ■\Vircl     ... 
Do.          do.         2     ... 
Do.          do.         3     .. 
Do.          do.         4     ... 

6 
6 
6 

4 

19 

j  and( 

1847 

C1846-) 
i  and  S. 
(1847) 

25^ 
251 

32 

62-3 
61-7 

62-4 

38  1 
35-9 

37*2 

.37  1 
I  15  -7 
I  12-9 

7'7 

132-9 
135-3 
136-7 
136-1 

64  1 
62-5 
61  9 
62-6 

35  9 
37-5 

38  1 
37-4 

Total,  or  Means... 

Products  1,  2,  and  3, 
mixed        

73  4 
70-8 

135-2 
137-8 

62-8 
61-4 

37-2 
38-6 

Baker's  Bread. 


Mean  of  4  Couutrj-  Loaves  8  hours  out  of  Oven 
Mean  of  3  London  Loaves  12  hours  out  of  Oven 

Means          

62-1 
64-2 

37-9 

35-8 

63  0 

37  0 

Recorded  Observations. 


Flour 

from  100 

Grain. 

Bread 

from  100 

Flour. 

In  100  Bread. 

Dry  Sub- 
stance. 

Water. 

Pereika 

128  0 
134-0 

Dacbeny 

82-0 

Dumas 

128-0 
130-0 
133-0 

62-5 

37-5 

Ube- 

Praetical  Average    . . 

Paris  (in  1835)  Best  Four      . . 

80-0 

133-3 
127-0 

Hassall 

77-7 

Alison  and  Christison  (for  Scotch  Poor 
Law  Board) 

62-0 

38  0 
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Recorded  Observations — continued. 
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Flour 

Bread 

In  100  Bread. 

from  100 

from  100 

Grain. 

Flour. 

Dry  Sub- 
stance. 

Water. 

Johnston — 

English     . . 

75-7 

150  0 

56-0 

44-0 

English  and  French  Ration   . . 

49-0 

51-0 

BoUSSINGAfLT — 

English     . . 

72-0 

French 

7iO 

Paris 

130-0 

64-6 

35-4 

Bechelbronn 

140-0 

57-1 

42-9 

French  Ration 

139-0 

Syrington 

78  0 

Lurzer 

83  0 

Dombasle . . 

85-5 

Peligot 

80  0 

Paten — 

Paris,  Ordinary 

64-0 
62  0 

36-0 
38-0 

French  Ration 

85  0 

61-0 

39-0 

))           >> 

80-0 

58  0 

42-0 

English  Cubic  Loaf 

60-0 

40-0 

)}                             >! 

52  0 

48-0 

' 

N 

Calcd. 

Expt. 

MiLLON — 

1. 

136 

0 

135 

0 

65-0 

34-98 

2. 

137 

0 

137 

0 

63-4 

36-6 

3. 

131 

5 

132 

0 

63  5 

36-5 

4. 

136 

0 

134 

5 

61-3 

88-7 

5. 

133 

0 

133 

0 

63-3 

36-7 

6. 

134 

5 

133 

0 

65-5 

34-5 

7. 

135 

0 

134 

0 

66  0 

34-0 

8. 

137 

0 

137 

0 

64-9 

35-1 

9. 

133  0 

134-0 

60-5 

39  5 

Mean 

134-8 

134-4 

63-7 

36  3 

Military    . . 

58-0 

42-0 

Nit.  Mat 

1 

57  0 

43  0 

Maclagan — 

Bakers'  First  Quality 

7-55 

134-7 

64  25 

35-75 

„       Second     „ 

7-99 

65-09 

34-91 

Home-baked,  First  Quality  . . 

7-29 

131  0 

66-1 

33-9 

„            Second    „ 

8-71 

133-0 

58-3 

4]  -7 

Unfermented,  First       „ 

7-00 

, , 

143-0 

60-5 

39-5 

,,             Second   „ 

7-40 

68-5 

41-5 
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Setting  aside  the  incidental  but  much  accounted  measure  of  the 
quality  of  flour — colour,  it  may  be  said,  that  the  standard  of 
excellence  of  the  baker,  is  founded  on  the  weight  of  the  loaf,  which, 
consistently  with  proper  texture  and  lightness,  can  be  obtained 
from  a  given  weight  of  flour.  Leaving  for  the  present  the  discussion 
of  the  question  upon  what  point  or  points  of  chemical  composition, 
these  properties  individually  or  collectively  depend,  we  may  observe, 
that  so  far  as  our  own  experiments  on  the  small  scale  go,  the 
quality  of  yielding  the  greatest  weight  of  bread  from  a  given 
amount  of  flour,  certainly  did  not  seem  to  attach  to  the  highest 
separated  product  of  the  dressing-machine;  which,  according  to 
the  results  recorded  in  Table  X,  would  probably  contain  slightly 
the  smallest  proportion  of  nitrogen,  and  consequently  the  largest 
amount  of  the  starch  series  of  compounds.  On  the  other  hand, 
looking  at  the  results  more  in  detail  than  they  are  given  in  the 
Table,  it  appears  that  the  products  of  the  grain  of  1846  gave  a 
notably  greater  weight  of  bread  than  the  corresponding  products 
of  the  more  highly  nitrogenous  grain  of  1847 — the  grain  of  the 
former  year,  being  admittedly  a  somewhat  fuller  and  better  sample 
than  that  of  the  latter.  Judging  then  between  the  different  pro- 
ducts of  the  same  grain,  the  experiments  showed  the  weight  of 
bread  from  a  given  weight  of  flour  to  be  greater  as  we  proceed 
from  the  less  to  the  more  nitrogenous  products,  so  long  as  the 
comparison  is  made  between  the  first  three  or  fine  flours  only. 
The  fourth  product,  however,  containing  still  more  nitrogen,  but 
probably  in  a  difi'erent  condition,  gave  a  less  proportional  weight 
of  bread,  notwithstanding  that  it  also  contained  a  considerable 
amount  of  branny  particles,  which  it  has  been  stated,  have  the 
property  of  retaining  water  by  virtue  of  their  structure  indepen- 
dently of  mere  chemical  composition.  Comparing  year  with  year 
on  the  other  hand,  the  separate  products  of  the  grain  of  highest 
weight  per  bushel,  of  lower  nitrogen,  and  admittedly  of  the  best 
development,  afforded  the  largest  produce  of  bread. 

Passing  from  the  experiments  on  the  individual  products  to 
those  on  the  mixture  of  the  first  three  of  them,  which  would 
together  constitute  a  fine  bread-flour,  we  see  that  with  this  combi- 
nation there  was,  on  the  average,  a  higher  yield  of  bread  than 
from  either  of  the  separate  products.  This  was  not  the  case  taking 
the  flours  of  1840  alone;  but  it  was  remarkably  so  with  those  of 
1847,  the  season  of  rather  higher  percentage  of  nitrogen ;  and  it 
should  be  added,  that  whilst  on  the  average  the  mixed  products  of 
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1846  represented  only  68-3  per  cent,  of  the  entire  grain,  those  of 

1847  represented  71-5  per  cent.  Although,  however,  there  is 
thus  observed  a  tendency  to  increase  in  the  weight  of  bread,  the 
higher  the  percentage  of  nitrogen  within  the  range  of  the  finer 
flours,  and  especially  so  w  hen  mixed,  yet  the  grains  and  the  flours 
of  1846,  were  pronounced  by  an  experienced  miller,  to  be  superior 
to  those  of  1847,  and  they  w^ould  doubtless  have  given,  on  the 
large  scale,  a  loaf  of  whiter,  lighter,  and  better  texture. 

In  all  these  trials  exactly  the  same  treatment  was  adopted,  but 
as  the  result  may  be  diflferent  in  operating  upon  small  and  large 
bulks  respectively,  the  method  followed  should  be  described. 
32  ounces  of  flour  were  taken,  and  givc'ia  weighed  quantities 
of  compressed  yeast,  and  of  salt,  were  always  employed.  Water 
of  a  uniform  temperature  was  also  used,  and  was  worked  in  by  a 
practised  hand,  until  the  dough  was  decided  to  be  of  the  proper 
consistency.  The  weight  of  water  taken  up,  was  then  determined. 
The  dough  was  always  made  quite  late  in  the  evening,  and  after 
being  allowed  to  ferment  during  the  night,  it  w^as  put  into  a 
baker's  oven  early  the  following  morning.  Finally,  the  loaves 
were  weighed  hot  from  the  oven,  and  again  when  quite  cold, 
towards  evening.  From  the  second  weight,  the  increase  upon  the 
original  weight  of  flour  was  ascertained ;  and,  the  percentage  of 
dr}^  substance  in  the  flours  being  previously  known,  the  percentages 
of  dry  matter  and  water  in  the  bread  were  calculated,  making  no 
allowance,  however,  for  the  probably  i  per  cent,  of  dry  substance 
lost  by  fermentation.  The  experiments  of  Mill  on  given  in  the 
lower  part  of  the  Table  XIII,  as  well  as  the  conclusion  of  other 
recent  experimenters,  indeed  seem  fully  to  justify  the  assumption, 
that  the  loss  from  that  cause  perhaps  need  not  be  estimated  at 
more  than  the  small  amount  above  supposed. 

For  the  sake  of  comparison,  and  as  a  check  to  our  own  bread- 
making  experiments,  and  calculations  thereupon,  three  loaves  were 
bought  at  random,  at  as  many  diff'erent  bakers  in  the  city  of 
London,  and  four  from  as  many  in  our  own  locality  in  the  country; 
and  upon  half  of  each  of  these,  first  finely  divided,  the  dry 
substance  w'as  determined  in  a  water-bath  at  212°  F.  It  will  be 
seen,  that  the  mean  of  our  own  experiments  with  the  separate 
products,  gives,  by  calculation  as  above  alluded  to,  62*8  per  cent, 
dry  substance,  and  37"  1  water,  in  the  bread;  and  that  with  the 
products  1,  2,  and  3  mixed,  gave  61*4  dry  matter,  and  38*6  water. 
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The  four  country  bakers^  loaves  (in  July  1856 — probably  from 
wheat  of  1855),  gave  62'1  dry,  and  37*9  water;  and  the  three 
London  ones  64'2  dry,  and  35 "8  water.  It  is  thus  seen,  that  our 
own  results  from  the  various  flours  of  grain  from  two  different 
harvests,  agree  very  closely  with  those  of  the  country  bakers^ 
bread  from  a  third.  They,  together,  indicate  an  average  of  37  to 
38  per  cent,  of  water  in  the  bread.  The  London  bakers^  loaves, 
which,  however,  had  probably  been  four  hours  longer  out  of  the  oven 
than  the  country  ones,  gave  64'2  of  dry  =  35 '8  of  water.  Upon  the 
whole,  then,  these  experiments,  from  the  flours  of  three  different 
seasons,  indicate  a  probable  average  range  of  from  36  to  38  per 
cent,  of  water  in  bread;  and,  taking  an  average  of  15  percent, 
water  in  flour,  and  assuming  the  loss  of  dry  matter  by  fermenta- 
tion, and  the  gain  by  fixed  saline  matter  added,  to  about  neutralize 
each  other,  this  would  be  equivalent  to,  from  132'8  to  137"  1  parts 
bread  for  100  of  flour. 

A  reference  to  the  recorded  results  of  others,  as  given  in  the 
Table  (XIII),  will  show  that  this  average  of  36  to  38  per  cent,  of 
water  in  bread,  agrees  very  closely  with  the  estimate  of  Dumas; 
with  that  of  Payen,  for  the  ordinary  bread  of  Paris;  with  that  of 
Boussingault,  for  Paris  bread;  with  the  mean  of  four  kinds  of 
fermented  bread  experimented  upon  by  Dr.  Maclagan;  with 
that  of  nine  by  Millon;  and  with  the  estimate  of  Alison  and 
Christ ison.  The  estimate  by  Payen,  of  40  to  48  per  cent,  of 
water  in  the  English  cubic  loaf,  is  undoubtedly  too  high  for 
English  bakers^  bread  as  usually  sold.  The  estimates  by  John- 
ston, of  44  per  cent,  water  in  English  bread,  and  of  51  per  cent, 
in  English  and  French  ration-bread,  are  also,  no  doubt,  too  high. 
The  results  of  Boussingault  in  France  agree  with  our  own  in 
England,  in  showing  country  bread  to  contain,  usually,  more 
water  than  that  of  the  cities.  Ration-bread  seems,  according  to 
most  observers,  to  be  moister  than  that  in  ordinary  use.  To  con- 
clude on  this  point,  although  it  is  very  desirable  to  have  a  proper 
estimate  of  the  probable  average  proportion  of  dry  substance  con- 
tained in  the  most  important  article  of  the  food  of  our  population, 
yet  it  is  obvious  that  many  circumstances  must  influence  the  amount 
in  individual  cases.  The  length  of  time  that  the  bread  has  been 
withdrawn  from  the  oven,  must  of  course  be  taken  into  account; 
but  in  fixing  general  averages,  perhaps  it  is  better  to  take  it  within 
the  first  twelve  hours,  as  this  will  best  represent  the  weights  as 
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delivered  by  the  baker,  and,  consequently,  those  estimated  as 
consumed.*  It  must  be  remembered,  too,  that  the  character  of 
the  ripening  season  greatly  affects  the  quality  of  the  flour,  and 
in  giving  fi'om  the  results  of  others  as  well  as  of  ourselves,  a 
probable  average  of  36  to  38  per  cent,  water,  or  62  to  64  per  cent, 
of  dry  substance  in  bread,  we  would  at  the  same  time  remark,  that 
all  our  own  special  data,  are  derived  from  experiments  on  the  pro- 
duce of  three  seasons  of  higher  than  average  maturing  character. 

That  the  season,  independently  of  either  soil  or  manuring,  may 
very  much  influence  the  percentage  of  nitrogen  in  one  and  the 
same  description  of  grain,  even  in  the  same  locality,  is  amply 
illustrated  by  the  results  in  Tables  I  and  III,  given  at  the  com- 
mencement of  this  paper.  It  cannot  be  wondered  at,  therefore, 
that  different  localities  or  countries,  should  yield  us  grains  showing 
a  wide  range  of  variation  in  their  percentages  of  nitrogenous  com- 
pounds. Rossigneau,  Boussingault,  Millon,  and  Peligot  have 
examined  many  of  the  characteristic  wheats  of  commerce,  and  we 
propose  here  to  subjoin  some  additional  facts  relating  to  this  branch 
of  the  subject. 

In  the  following  Table  (XIV)  are  given  the  mean  results  of  a 
great  many  determinations,  by  the  mechanical  method,  of  the  gluten 
in  flour,  by  Mr.  W.  Constable,  of  Brighton.  It  is  admitted  that 
this  method  is  an  uncertain  one,  and  it  is,  of  course,  quite  incom- 
petent to  indicate  the  total  nitrogenous  substance  of  the  flours. 
However,  we  believe  the  experiments  to  have  been  made  with 
great  care  and  uniformity  of  manipulation,  and,  as  they  are  also 
consistent  with  results  of  another  kind,  they  are  well  deserving 
record.  It  may  be  premised  that,  whilst  the  method  in  question 
is  liable  to  a  little  depreciation  in  the  amount  of  gluten  by  loss  in 
the  washing — especially  when  the  substance  itself  is  of  an  inferior 
character — yet,  on  the  other  hand,  the  drying  is  more  likely  to  be 
in  error  in  the  other  direction.  These  two  sources  of  error,  there- 
fore, so  far  as  they  operated  in  the  experiments,  would  tend  to 
neutralize  each  other.  It  may  be  added,  that  not  the  least  inte- 
resting part  of  Mr,  Cons  tablets  results,  is  that  he,  consistently 
with  the  observations  of  Peligot  and  others,  establishes  a  very  wide 
range  in  the  character  of  the  gluten  obtained  from  different  flours, 

*  It  should  be  stated,  however,  that,  if  the  fresh  weight  of  tLe  7  halter's  loaves 
examined  were  assumed  to  he  4  lbs.  each,  as  it  should  have  been,  then  the  dry  matter 
which  the  loaves  contained  was,  on  the  average,  only  equal  to  60 i  per  cent;  the 
water,  on  the  same  calculation,  being,  of  course,  39|  per  cent.  I 
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as  to  colour,  tenacity,  elasticity,  and  so  on.  Mr.  Constable's 
results,  with  which  he  has  kindly  furnished  us,  are  recorded  by 
him  seriatim,  in  the  order  in  M'hicli  they  were  obtained,  and  without 
any  special  reference  to  the  point  for  the  illustration  of  which  we 
here  adduce  them.  It  will  be  seen  thj|j|||^n  our  Table,  we  have 
classified  the  results  according  to  their  reputed  locality  of  growtli 
or  shipment,  and  arranged  the  means  so  obtained  somewhat  in  the 
order  of  latitude,  ranging  from  north  to  south,  adopting  the  same 
general  arrangement  for  the  European  and  American  samples 
respectively. 

TABLE  XIV. 

Percentage  of  Gluten  in  different  Flours. 

Mean  Results. 


Eeputed  Localities  of  Growth  or  Shipment. 

Number 

of 

Experiments. 

Mean 

Gluten 

Per  Cent. 

America — 

Canada 

Genessee  (New  York)  . . 

Other  New  York 

Ohio 

Maryland 

Richmond  (A'irginia)    .. 

George  Town  (South  Carolina)   . . 

New  Orleans 

Miscellaneous 

6 
7 
7 

18 
3 
8 

18 
1 

11 

9-8 
9-8 
10  1 
11-8 
11-3 
11-8 
13  7 
13-4 
9-35 

Mean  . . 

79 

11  -4 

North  Europe — 
Dantzig 
Hamburg 
Stettin 
Pomerania     . . 

South  and  East  Europe — 
Tuscany 
Spain 
Portugal 
Black  Sea,  Soft 
Black  Sea,  Hard 

4 

1   • 
1   • 

2 
9 

8-9 
10-3 

10-3 

12-5 
14-9 

Mean  . . 

31 

11  -6 

England- 
White 
Red 
Not  Specified 

45 
13 

4.5 

10-8 
10-4 
10-5 

Mean  . . 

103 

10-7 
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It  cannot  fail  to  be  observed,  that  there  is  a  general  tendency  in 
tlic  specimens  from  both  the  European  and  American  continents, 
to  increase  in  the  percentage  of  gluten,  proceeding  from  the  north 
to  the  south.  It  may  therefore  be  concluded  that,  among  other 
circumstances,  a  relati^fcjly  high  temperature  at  the  ripening  period 
is  favourable  to  a  high  per-ceutage  of  gluten.  The  mutual  adap- 
tations of  heat  and  moisture,  throughout  the  various  stages  of  the 
progress  of  the  plant,  are,  however,  so  almost  infinitely  varying, 
even  from  season  to  season,  in  one  and  the  same  locality,  that  it  is 
not  surprising  there  should  be  many  exceptions  to  any  such  sweep- 
ing generalization  as  the  one  here  indicated,  in  regard  to  widely 
differing  localities.  A  study  of  the  variations  in  the  character  of 
the  crop,  and  in  the  composition  of  the  grain  grown  from  year  to 
year  in  our  experimental  field,  side  by  side  with  the  varying  cir- 
cumstances of  root  and  leaf  supply  of  moisture,  and  of  tempera- 
ture, is  sufficient  to  show  how  numerous,  and  how  indeed 
ever  changing  in  their  mutual  relations,  are  the  factors  which 
lead  to  one  or  another  order  of  development  in  the  growing 
plant. 

We  have  at  various  times  determined  the  nitrogen  in  individual 
specimens  of  foreign  wheat  which  have  come  in  our  way,  and  recently, 
through  the  kindness  of  Mr.  W.  J.  Harris,  of  Fenchurch  Street, 
London,  we  have  been  provided  with  a  series  pf  characteristic  samples, 
the  result  of  the  examination  of  which  we  had  hoped  to  embody  in 
this  paper.  Unfortunately,  the  laboratory  work  is  not  sufficiently 
completed  to  allow  of  this,  any  further  than  by  a  few  general 
remarks  on  the  tendency  of  the  results  already  obtained.  This 
tendency,  from  the  examination  of  a  series  of  contrasted  samples, 
is  fully  to  confirm  the  indications  of  Mr.  Constable's  results  as  to 
general  influence  of  latitude,  or  locality,  on  the  nitrogenous  per- 
centage of  the  grains.  There  are,  however,  as  above  inferred,  some 
interesting  and  instructive  exceptions  brought  to  light.  It  is 
obvious,  too,  that  both  soil  and  variety,  must  have  much  to  do  with 
the  character  of  the  grain ;  and  that  to  elicit  without  exception, 
the  influence  due  to  climate  alone,  the  same  description  of  wheat 
should  be  grown  in  as  far  as  possible  similar  soils,  in  diflerent 
locahties,  for  a  series  of  years  consecutively.  In  defect  of  specimens 
of  this  kind,  we  must  to  a  certain  extent  rely  on  the  assumption, 
that  those  descriptions  will  be  generally  cultivated  in  a  particular 
locality,  which  experience  has  shown  to  be  most  adapted  to  its 
climate  and  other  characters,  and  that  hence  the  qualities  of  the 
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grains,  will  be  at  least  some  indication  of  tlie  general  tendencies  of 
the  climatic  circumstances  which  have  yielded  them. 

It  may  be  remarked,  that  among  the  American  specimens 
examined  by  Mr.  Constable,  the  Genessee  is  seen  to  contain  the 
lowest  average  percentage  of  gluten,  yet  it  is  one  of  the  most 
highly  esteemed  of  the  American  flours  imported  into  this  country. 
Again,  among  the  foreign  European  samples  enumerated,  the 
Dantzic  yielded  the  smallest  percentage  of  gluten,  whilst  it  has 
above  all  the  highest  range  of  value  in  the  English  market.  The 
soft  Spanish  is  perhaps  the  next  in  order  of  value  among  the 
imported  European  wheats,  and  we  may  observe  that  it  is  also 
one  of  the  lowest  in  percentage  of  nitrogen  which  we  have  yet 
examined.  On  the  other  hand,  the  flours  from  many  of  the 
highly  nitrogenous  foreign  wheats,  have  the  undoubted  character 
of  imparting  great  "  strength"  to  the  dough,  and  for  this  purpose, 
they  are  much  valued  to  mix  with  weaker  flour ;  especially  wdth 
that  from  grain  which  has  been  imperfectly  developed  and  matured. 
Some  of  the  most  important  of  these  highly  nitrogenous  wheats 
are,  however,  both  inferior  in  the  colour  of  their  flour,  and  very 
hard  and  horny;  and  owing  to  the  inappropriateness  of  the 
English  method  of  milling,  to  the  defective  whiteness  of  the  flour, 
and  of  the  bread,  and  to  the  somewhat  close  texture  of  the  latter, 
other  flours  of  lower  percentages  of  nitrogenous  compounds  have, 
notwithstanding  this  great  "strength/'  a  higher  character  when 
used  alone  for  bread-making  purposes.  These  highly  nitrogenous 
wheats  are  chiefly  imported  from  Russia,  and  independently  of  a 
high  ripening  temperature,  they  are  for  the  most  part  grown  on 
very  rich  soil,  and  sown  in  the  Spring.  On  this  point  it  is 
worthy  of  notice,  that  home-grown  Spring  wheat,  has  sometimes 
the  character  of  imparting  strength  to  the  flour  of  an  inferior 
"Winter  wheat,  and  in  the  only  instance  of  this  kind  which  we 
have  examined,  the  reputed  stronger  (Spring)  wheat,  had  the 
higher  percentage  of  nitrogen. 

It  may  be  stated  generally,  that  the  highly  nitrogenous  foreign 
wheats,  have  the  admitted  character  of  imparting  strength  to  infe- 
rior flour;  and  they  are  thus  highly  valued  for  the  purpose  of 
admixture  with  home-grown  grain  imperfectly  developed  and 
matured.  These  highly  nitrogenous  imported  wheats  have,  as  the 
rule,  been  matm'cd  under  a  much  higher  temperature  than  our 
own ;  their  nitrogenous  constituents  would  appear  to  be  in  larger 
proportion  in  the  form  of  gluten;  and  it  is  in  wheats  so  ripened. 
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that  the  higher  percentage  of  fatty  matter  is  also  found,  the  proper 
blending  of  which,  according  to  the  experiments  of  Peligot,  consi- 
derably affects  the  physical  characters  of  the  gluten.  The  opinion  of 
Peligot — indeed  of  other  recent  investigators,  and  in  this  we  fully 
concur — is,  that  the  measure  of  value  of  different  flours  for  the  pur- 
poses of  bread-making,  is  certainly  much  more  dependent  on  the  con- 
ditioji  of  their  constituents,  than  on  their  mere  percentage  amount  of 
nitrogenous  compounds.  This  high  condition  of  the  nitrogenous, 
and  also  the  other  compounds,  would  seem  to  be  alike  possible  in 
wheats  of  high  and  of  somewhat  low  percentage  of  nitrogen — pro%dded, 
other  things  being  equal,  they  have  been  well  developed,  and  ripened 
at  a  high  temperature ;  whilst,  when  this  is  so,  an  undoubted  prefer- 
ence is  given  to  the  less  nitrogenous  grains.  This  is  partly  due 
to  the  latter  being  generally  softer,  and  more  amenable  to  current 
milling  methods;  and  partly  to  the  widely-differing  structural 
character  of  the  farinal  matter,  by  virtue  of  which  the  flom'  not 
only  makes  a  better  and  more  workable  dough,  but  the  bread 
produced  is  of  superior  textm-e  and  lightness — conditions  which 
all  analogy  woidd  lead  us  to  conclude,  must  materially  aid  its 
digestion  and  assimilation,  and  consequently  so  far  increase  its 
value  as  food. 

A  high  percentage  of  nitrogenous  compounds,  provided  the 
grain  be  well-developed  and  matured,  and  not  so  hard  as  to  offer 
mechanical  obstacles  to  fine  division  and  easy  separation  of  the 
bran  in  the  mill,  will  tend  to  a  great  weight  of  bread,  and  a  good 
quality  as  to  texture.  It  would  appear,  however,  that  a  smaller 
percentage,  if  with  equally  high  elaboration,  will  tend  to  a  similar 
result  as  to  weight,  and  to  even  higher  qualities  as  to  texture 
and  whiteness.  Within  the  limits  of  our  own  island,  however,  on 
the  average  of  seasons,  the  better-elaborated  grain  will  probably 
be  the  less  nitrogenoiis,"^  though  the  nitrogenous  matter  it  does 
contain,  will  be  in  a  high  condition  as  to  elaboration,  and  to  its 
mutual  relations,  structural  and  chemical,  with  the  other  consti- 
tuents of  the  flour.  Hence  it  comes  to  pass  that,  as  our  home- 
grown flours  go,  those  which  are  the  best  in  the  view  of  the  baker, 
will  frequently  be  those  having  a  low  percentage  of  nitrogenous 
compounds — a  higher  condition  more  than  compensating  for  the 
*  This  is,  howerer,  not  always  the  case ;  and,  had  we  extended  our  review  beyond 
the  ten  years  to  which  Tables  I  and  III  refer,  we  should  have  found,  in  the  season  of 
1855,  both  high  development  and  maturation  of  grain,  and  high  percentage  of  nitro- 
genous compounds.  Of  the  cases  included  in  our  survey,  the  season  of  1847,  afforded 
in  the  highest  degree  the  combination  of  characters  here  referred  to. 
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higher  percentage  of  nitrogen,  generally  associated  as  it  is  in  our 
climate,  with  an  inferior  degree  of  development  and  maturation. 

We  conclude,  then,  that  condition  of  maturation^  or  perhaps 
rather  elaboration,  as  well  as  mere  percentage  composition,  should 
be  theoretically,  as  it  is  practically,  admitted  as  an  essential 
element  in  estimating  the  relative  qualities  of  different  wheats  or 
flours,  for  bread-making  purposes.  The  opinions  of  some  of  the 
most  recent,  and  perhaps  the  most  competent  observers,  certainly 
point  in  the  same  direction  as  the  one  here  indicated.  Still,  the 
current  opinion  derived  from  several  of  oar  standard  works,  would 
seem  to  be,  that  a  high  percentage  of  nitrogenous  compounds 
should  be  taken  as  an  almost  unconditional  measure  of  value. 

But  besides  the  frequently  reiterated  statement  that  the  baker's 
estimate  is  founded  on  the  amount  of  the  gluten,  it  is  also  pretty 
generally  maintained,  that  it  is  the  amount  of  this,  or  of  the 
nitrogenous  constituents  collectively,  which  determines  the  com- 
parative values  of  different  flours  or  breads,  to  the  consumer.  With 
regard  to  those  foreign  wheats  which  have  their  nitrogenous  sub- 
stance in  a  highly-elaborated  condition,  and  favom-ably  related  to 
the  other  matters,  and  in  which  the  whole  is  structurally  fitted 
for  easy  milling,  and  to  yield  a  light  and  easily- digestible  bread, 
we  would  not  say  that,  with  such,  a  comparatively  high  percentage 
also  of  the  nitrogen,  might  not  be  an  additional  point  of  value. 
But,  even  with  the  foreign  wheats,  it  is  but  a  small  proportion 
that  combine  these  several  qualities;  whilst  those  which  have  the 
most  of  the  others,  have,  generally,  less  of  the  amount  of  nitro- 
genous substance.  With  home-grown  wheats,  too,  as  already  said, 
information  at  present  at  command  tends  to  show,  that  high  per- 
centage of  nitrogen  is,  frequently  at  least,  associated  with  low 
condition  of  elaboration  of  the  constituents  of  the  grain,  yielding 
an  inferior  bread-flour — and  thus,  though  from  opposite  causes  to 
those  which  depreciate  the  richer  nitrogenous  grains  of  the  liigher- 
ripening  temperatures,  a  less  valuable  food. 

Let  it  be  conceded,  then,  that  condition,  or  elaboration,  must 
affect  the  digestibility  and  assimilability  of  our  food.  But,  we  think 
it  may  be  inferred,  yet  on  other  grounds,  that,  as  flours  go,  the 
richer  in  the  more  directly  respirable  and  fat-forming  compounds, 
will  generally  be  more  valued  as  food.*     The  following  Table  (for 

*  There  is  experimental  evidence  to  show,  that  the  nitrogenous  constituents  of  food 
may  serve  one  or  both  of  these  offices  ;  but,  when  in  excess,  probably  at  a  greater  cost 
to  the  sj'stem. 
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some  of  the  data  of  which  we  are  indebted  to  Dr.  Playfair), 
showing  the  estimated  average  percentage  of  nitrogen  and  of 
carbon  in  a  number  of  standard  articles  of  food^  and  also  the  rela- 
tion in  them  of  the  one  constituent  to  the  other,  will  aid  iis  in 
illustrating  our  meaning  : — 

TABLE   XV. 

Estimated  Average  Composition  of  Standard  Articles  of  Eood. 


Per  Cent. 

Nitrogen 

Foods. 

Dry 

Substance. 

Carbon. 

Nitrogen. 

to  100 
Carbon. 

Meat  (fresh)    .. 
Bacon  (green) . . 
„      (dried).. 
Suet  or  Butter 
Milk 
Cheese 

45-0 
80-0 
85-0 
85-0 
10-0 
60  0 

30-0 
57-0 
61  0 
68-0 
5-4 
36-0 

2-0 

1-13 

1-4 

0-0 

0  5 

4-5 

6-6 
2  0 
2-3 

9-3 

12 '5 

Flour  (wheaten) 

Bread 

Maize 

Oatmeal 

Kice 

85  0 
64-0 
87-0 
85-0 
87-0 

38-0 
28-5 
40  0 
40-0 
39-0 

1-72 
1-29 
1-75 
2-0* 
1-0 

4-5 

4-5 
4-4 
5  0 
2-56 

Potatoes 

Vegetables  (succulent  average)    . . 

Peas 

Sugar 

25-0 
15 '0 
85-0 
95-0 

11  -0 

6-0 

39-0 

40  0 

0-35 
0-2 
3-65 
0-0 

3-2 
3-3 
9-4 

Cocoa  and  Chocolate 
Beer  or  Porter 

92  0 

9-5 

56-2 
4-5 

20 
0-01 

3-6 

0-2 

By  this  Table  it  is  seen,  that  wheaten  flour  and  bread  contain  as 
high  a  proportion  of  nitrogen  to  carbon  as  most  of  the  current 
articles  of  food  of  our  working  population,  excepting  the  important 
items  of  fresh  meat,  milk,  and  cheese.  Were  we  to  ask,  to  what 
staple  articles  the  working  man  next  resorts,  when  his  means  allow 
him  to  add  other  foods  to  his  main  diet  of  bread  ? — the  answer 
would  be,  cheese,  bacon,  and,  perhaps,  butter;  and  we  think  it 
would  further  be,  that  his  preference  would  generally  be  for  the 
bacon.  The  Table  shows  that,  so  far  as  he  took  cheese,  he  would 
considerably  increase  the  proportion  of  the  nitrogen  to  the  carbon 
he  so  consumed.  The  amount  of  it  he  would  eat  would,  however, 
be  less  than  that  of  bacon,  and  in  the  latter  he  would  only  con- 
sume half  as  mvich  nitrogen,  in  proportion  to  the  carbon,  as  he 
would  in  bread  alone.  In  fat,  or  butter,  he  would  have  no  nitrogen 
*  Scotch  oatmeal  would  range  higher  than  this. 
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at  all,  so  that  the  addition  of  either  of  these  to  his  flour  or  bread, 
would  still  further  reduce  the  proportion  of  nitrogen  to  carbon  in  his 
food.  But  all  these  substances,  besides  their  respirable  carbon, 
have  a  large  proportion  of  respirable  hydrogen,  due  to  their  fatty 
substance.  Even  cheese,  which  contains  the  least  amount  of  this, 
has,  nevertheless,  a  very  considerable  percentage  of  it ;  bacon 
much  more ;  whilst  fat  and  butter,  excluding  their  water,  are,  of 
course,  wholly  composed  of  it.  If,  therefore,  we  take  into  calcula- 
tion the  respirable  hydrogen,  it  will  be  seen  that  the  respiratory 
capacity  (so  to  speak)  of  the  cheese,  would  be  much  higher  rela- 
tively to  the  flesh  forming ,  than  the  relation  to  the  carbon  alone,  as 
in  the  Table,  would  indicate.  In  the  bacon,  on  the  other  hand,  the 
relation  even  of  the  carbon  alone  to  the  nitrogen,  is  much  greater 
than  in  bread ;  and,  if  we  further  take  into  account  its  respirable 
hydrogen,  its  respiratory,  relatively  to  its  flesh-forming  capacity, 
Avill  appear  still  greater  in  comparison  with  the  bread.  Lastly, 
even  taking  the  case  of  fresh  meat,  so  large  is  its  amount  of  fat, 
and,  therefore,  of  respirable  hydrogen,  that  its  respiratory  and 
fat-forming,  relatively  to  its  flesh-forming  capacity,  would  be  much 
higher,  as  compared  with  bread,  than  the  figures  in  the  Table, 
relating  to  carbon  alone,  would  show. 

From  these  considerations  we  think  it  may  fairly  be  concluded, 
that  the  first  more  urgent  call  of  the  system  of  our  under-fed,  or 
only  bread-fed,  working  man,  is  for  an  increased  supply  of  respira- 
tory or  fat-forming,  rather  than  of  flesh-forming,  constituents  of 
food.     Indeed  it  is  to  fat  itself,  in  some  form,  that  he  first  resorts. 
If,  then,  the  first  demand  of  the  system  be  generally  for  more 
of  the  more  directly  respirable  or  fat-forming  material,  than  bread 
alone  supplies  : — if  the  foreign  wheats  of  more  than  average  percent- 
age of  nitrogen  have,  frequently,  structural  characters  which  render 
them  with  greater  difiiculty  made  into  an  easily-digestible  bread  : — if 
themore  highly-nitrogenous  wheatsof  our  colder  summers  have  their 
constituents  frequently  in  a  less  highly-elaborated  condition  : — and 
if,  finally,  the  introduction  of  more  of  the  nitrogenous  constituents 
of  our  grain  into  the  bread-flour,  generally  introduces  at  the  same 
time  branny  particles  which  cause  the  food  to  pass  in  too  large  a 
proportion  undigested  from  the  body — it  would  appear,  that  the 
standard  of  value  of  food-stufts  as  they    go,    according  to  their 
nitrogenous  percentage,  is,  at  least,  only  conditionally  correct,  and 
that  the  current  views  on  the  point  require  to  be  somewhat  modified. 
From  all  the  data  at  our  command  we  have  adopted  1*29  as  the 
probable  average  percentage  of  nitrogen  in  whcat^'u  bread.     That 
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taken  by  Dr.  Maclagan  is  from  1"1  to  1*2 ;  and  that  by  Playfair 
and  Pay  en  about  1*1.  These  amounts  represent  respectively  about 
8,  7^,  and  7  of  nitrogenous  compounds.*  It  will  not  be  sup- 
posed that,  because,  from  the  facts  adduced,  we  are  led  to  believe 
that,  in  addition  to  such  a  bread  as  is  here  assumed,  the  first  call 
of  the  system  of  the  working  man  would  be  for  more  of  respiratory 
and  fat-forming  material,  we  would  therefore  deny  the  advantage 
of  an  increased  supply  of  nitrogenous  constituents  also.  We  would, 
however,  submit,  as  worthy  of  reflection,  that,  whilst  the  relation 
of  nitrogen  to  100  of  carbon  in  wheaten  flour  and  bread  is  4*5, 
that  in  the  average  of  the  food  consumed,  taking  eighty-six  cases, 
divided  into  fifteen  classes,  and  including  both  sexes  and  all  ages, 
was  only  5'34.  These  dietaries  included  many  which  were  exceed- 
ingly liberal,  so  far  as  the  nitrogen  supplied  was  concerned ;  yet  a 
careful  consideration  of  their  details  showed  that,  taking  into 
calculation  their  respirable  hydrogen,  the  relation  of  purely  respi- 
ratory, or  fat-forming,  to  flesh-forming  material,  in  most  of  these 
numerous  dietaries,  would  be  nearly  as  great  in  bread.  Indeed, 
it  would  appear  that,  that  which  is  admitted  to  be  a  superior  class 
of  diet,  is  distinguished  much  more  by  including  a  certain  amount 
of  the  important  non-nitrogenous  constituents,  in  the  condition, 
and  state  of  concentration,  as  in  fatty  matter,  and  of  the  nitro- 
genous ones,  in  the  high  condition,  as  in  animal  food,  than  by 
the  higher  proportion  of  its  flesh-forming  to  its  more  exclusively 
respiratory  and  fat-forming  constituents. 


II. — On  a  new  Series  of  Organo-Thionic  Acids. 
By  John  Thomas  Hobson, 

DALTON  SCHOLAR  IN  THE  LABOKATOBY  OF  OWEN'S  COLLEGE,   MANCHESTEK. 

The  researches  of  Dr.  Franklandf  have  shown  that  there  exists 
a  class  of  bodies  containing  metals  in  combination  with  the  alcohol 
radicals,  and  to  which  he  has  given  the  name  of  "  organo  metallic 
bodies."  One  of  the  pecuhar  features  possessed  by  these  com- 
pounds is,  that  they  bear  a  very  strong  molecular  analogy  to  the 
inorganic  compounds  of  the  metal  they  contain,  which  inorganic 
compounds  may  therefore  be  regarded  as  the  types  of  their  organic 
derivatives.  Thus  antimony,  which  with  hydrogen,  forms  anti- 
moniuretted  hydrogen  SbHg,  and  with  oxygen  teroxide  of  antimony 
SbOg,  gives  with  ethyl,  stibethyl  Sb(C4H5)3  ;   and  arsenic  which 

*  These  estimates  have  reference  to  the  bread  from  rather  fine  flour ;  that  from  the 
coarser  flours  contains  rather  more  of  nitrogenous  matters, 
t  Chem.  Soc.  Qu.  J.  vi.  57,  and  Phil.  Trans.  1852,  p.  417. 
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with  the  inorgauic  elements,  sulphur  and  hydrogen,  gives  arseniu- 
retted  hydrogen  AsHj,  and  bisulphide  of  arsenic  AsSj,  forms 
with  methyl,  cacodyl  As  (€2113)2  ;  and  with  ethyl,  ethy lie  cacodyl 
As(C^Hg)2.     Cacodyl  also  unites  with  oxygen,  forming  oxide  of  ca- 

codyl  As  -|  ^  X  3/  2  I    resembling  arsenious  acid  AsOg ;  and  caco- 

dylic  acid,  agreeing  with  arsenic  acid.  From  the  recent  researches  of 
Wohler,  Hofmaun,  and  Cahours,  it  appears  that  this  singularity 
of  beha^^our  is  not  exclusively  confined  to  the  combinations  of 
metals  with  the  alcohol  radicals,  but  that  the  metalloids  selenium 
and  phosphorus,  form  with  these  radicals,  compounds  molecularly 
similar  to  their  inorganic  types,  and  possessing  for  the  most  part 
the  property  of  uniting  directly  with  oxygen.     Thus  selenethyl 

A  5  ^  which  is  mole- 
cularly homogeneous  with  selenious  acid  Se02,  whilst  phosphorus 
with  ethyl,  gives  phosphethyl  P(C^H5)3  corresponding  with 
phosphorus  acid  PO3.  Considering  the  strong  analogy  existing 
between  sulphur  and  selenium,  I  was  induced  to  try  whether  the 
sulphide  of  ethyl  would  not,  like  selen-ethyl,  unite  with  oxygen  to 
form  compounds  of  the  thionic  acid  type. 

In  preparing  sulphide  of  ethyl  for  this  purpose,  I  tried  several  of 
the  methods  usually  recommended,  but  found  most  of  them  to 
yield  only  a  very  poor  product.  By  passing  chloride  of  ethyl  into 
an  alcoholic  solution  of  protosulphide  of  potassium,  I  obtained  only 
traces  of  the  compound  ;  and  the  distillation  of  dry  protosulphide 
of  potassium  with  sulphovinate  of  potash  yielded  scarcely  a  better 
result.  The  following  method,  however,  gave  a  satisfactoiy  pro- 
duct : — An  alcoholic  solution  of  protosulphide  of  potassium  was 
made,  by  saturating  a  weighed  quantity  of  caustic  potash,  dissolved 
in  alcohol,  with  sulphuretted  hydrogen,  and  adding  to  this  the 
same  weight  of  alkali  as  that  previously  used.  This  alcoholic 
solution  of  protosulphide  of  potassium,  on  distillation  with  sul- 
phovinate of  potash,  yielded  a  large  quantity  of  sulphide  of  ethyl. 

The  sulphide  of  ethyl  thus  prepared,  was  treated  with  dilute 
nitric  acid.  On  the  application  of  a  gentle  heat,  dense  nitrous 
fumes  were  given  off,  the  sulpliide  of  ethyl  entirely  disappearing. 
When  all  action  had  ceased,  the  liquid,  which  contained  an  excess 
of  nitric  acid,  was  evaporated  for  some  time  in  a  water  bath  to 
expel  as  much  as  possible  of  this  acid  ;  it  was  then  saturated  with 
carbonate  of  baryta,  and  the  evaporation  continued  to  dryness. 
The  dried  mass  beinsr  afterwards  treated  with  alcohol  and  filtered 
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from  the  nitrate  of  baryta,  the  filtrate  on  long  exposure  to  the  heat 
of  a  water-bath  yichled  a  small  quantity  of  a  thick  syrupy  liquid, 
wliich  contained  sulphur,  ethyl,  and  baryta,  but  showed  no 
disposition  to  crystallize,  and  could  not  be  obtained  in  a  satisfactory 
state  for  analysis.  This  experiment  showed,  however,  that  an  acid 
had  been  formed  which  most  probably  contained  sulphur,  ethyl, 
and  oxygen ;  but  finding  that  this  acid  was  obtained  in  such  small 
quantities  from  sulphide  of  ethyl,  I  abandoned  this  process  of 
forming  it. 

The  recent  researches  of  Dr.  Frankland  on  the  substitution  of 
oxygen  by  an  alcohol-radical  in  the  ease  of  binoxide  of  nitrogen,^ 
led  me  to  hope,  that  a  corresponding  reaction  with  an  oxygen 
compound  of  sulphur  and  one  of  the  organo-zinc  compounds, 
would  produce  the  desired  substitution. 

For  obvious  reasons,  I  selected  for  this  reaction  sulphurous  acid 
and  zinc-ethyl ;  and  a  preliminaiy  experiment  showed,  that  these 
bodies  act  upon  each  other  very  energetically,  forming  a  white 
crystalline  mass,  which  was  evidently  the  zinc-salt  of  a  thionic  acid. 
On  a  large  scale  the  process  was  conducted  as  follows  : — A  quantity 
of  zinc-ethyl,  prepared  according  to  the  plan  recommended  by  Dr. 
Frankland,t  ""^as  placed  in  a  flask,  and  sulphurous  acid  evolved 
from  sulphuric  acid  and  copper  turnings,  and  dried  by  passing 
through  a  Woulfe's  bottle  containing  concentrated  sulphuric  acid, 
was  allowed  to  come  in  contact  with  it.  The  gas  was  very  rapidly 
absorbed  by  the  zinc-ethyl,  and  so  much  heat  was  produced,  that 
it  was  found  necessary  carefully  to  cool  the  flask  during  the  whole 
process  of  absorption.  In  a  short  time,  a  white  crystalline  body 
was  formed  in  the  zinc-ethyl,  and  gradually  the  whole  contents  of 
the  flask  were  converted  into  a  mass  of  minute  crystals,  which  pro- 
tected some  of  the  zinc-ethyl  from  contact  with  the  sulphurous 
acid ;  so  that,  unless  the  action  of  the  gas  was  very  prolonged,  and 
the  crystalline  mass  broken  up,  the  latter  efi'ervesced  with  water, 
owing  to  the  presence  of  undecomposed  zinc-ethyl.  After  purifi- 
cation and  crystallization,  first  from  alcohol,  and  then  from  water, 
it  yielded,  on  analysis,  the  following  numbers  : — 

I.  6'02  grs.,  burnt  with  oxide  of  copper,  a  tube  of  peroxide  of 
lead  being  interposed  between  the  chloride  of  calcium  tube  and 
potash  apparatus,  gave  3'20  grs.  of  carbonic  acid,  and  1'91  grs. 
of  Avater. 

♦  Proceedings  of  the  Royal  Society,  viii.  198.      t  Phil.  Trans.  1855,  p.  259. 
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II.  0*28  grs.  similarly  treated,  gave  3*35  grs.  of  carbouic  acid, 
and  2*16  grs.  of  water. 

III.  6' 155  grs.  gave  3*25  grs.  of  carbonic  acid,  and  2'065  grs. 
of  water. 

IV.  12*30  grs.  dissolved  in  water  and  precipitated  boiling  by  a 
solution  of  carbonate  of  soda,  the  precipitated  basic  carbonate  of 
zinc  washed,  dried,  and  ignited,  gave  2'995  grs.  of  oxide  of  zinc. 

v.  5 '96  grs.  cautiously  ignited,  then  treated  with  nitric  acid, 
and  afterwards  strongly  heated  and  exposed  to  a  current  of  air, 
gave  1*46  grs.  of  oxide  of  zinc. 

YI.  3*80  grs.  ignited  with  a  mixture  of  chlorate  of  potash  and 
carbonate  of  magnesia,  the  product  dissolved  in  hydrochloric  acid 
and  precipitated  with  chloride  of  barium,  gave  7'82  grs.  of  sul- 
phate of  baryta. 

YII.  3' 14  grs.  similarly  treated,  gave  6'(v  grs.  of  sulphate  of 
baryta. 

These  results,  as  is  seen  from  the  following  comparison,  agree 
with  the  formula  : — 


ZnO,  Sgj 


^^^^j    +    HO 


Calculated.  Analyses.  Mean. 


C^  .  .  24  1441  14-49  14-54     14-40      —         —         —         — 

Hfi  .  .       6  3-60  3-52  3-82       372       _        —        —         — 

Zn  .  .  32-5  19-52           _  _        _       19-53  1962       —        — 

S3  .  .  48  28  82           —  _         _         _         _      28-23    29-15 

0-  .  .  56  33-65          —  ______ 


166-5     100-00  100-00 


This  compound  is  therefore  the  zinc-salt  of  a  new  acid,  formed 
by  the  substitution  of  one  equivalent  of  oxygen  in  three  equiva- 
lents of  sulphurous  acid  by  ethyl.  This  acid  I  propose  to  call 
Etinjiotrithionic  Acid. 

Ethylotrithionate  of  zinc  presents  the  appearance  of  minute 
acicular  crystals,  which  are  colourless,  and  have  a  peculiar  odour ; 
they  are  almost  insoluble  in  cold,  but  moderately  soluble  in  boiling 
alcohol.  It  dissolves  sparingly  both  in  hot  and  cold  water,  and 
also  in  ether;  on  evaporating  its  aqueous  solution,  the  salt  ciystal- 
hzes  out  as  a  pelhcle  which  floats  on  the  surface.  Ethylotrithio- 
nate of  zinc  possesses  a  pecuhar  and  somewhat  bitter  taste.  It 
contains  one  atom  of  water  of  crystallization,  which  it  retains 
at  100°  C. 
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The  crude  salt  produced  by  the  action  of  zinc-ethyl  on  sulphu- 
rous acid,  had  not,  however,  such  a  simple  constitution  as  the 
zinc-salt  mentioned  above,  since,  owing  to  the  presence  of  an 
excess  of  oxide  of  zinc,  derived  from  the  action  of  water  on  the 
undecomposed  zinc-ethyl,  a  basic  salt  had  been  formed.  This  salt 
submitted  to  analysis,  yielded  the  following  results : — 

I.  5-42  grs.  burnt  with  oxide  of  copper,  yielded  2'47  grs.  of 
carbonic  acid,  and  1*76  grs.  of  water. 

II.  10*50  grs.  dissolved  in  boiling  water  and  precipitated  with  a 
solution  of  carbonate  of  soda,  the  precipitated  basic  carbonate  of 
zinc  washed,  dried,  and  ignited,  gave  3*305  grs.  of  oxide  of  zinc. 

III.  4*63  grs.  ignited  with  a  mixture  of  chlorate  of  potash  and 
carbonate  of  magnesia,  the  product  dissolved  in  hydrochloric  acid 
and  precipitated  with  chloride  of  barium,  yielded  8*37  grs.  of 
sulphate  of  baiyta. 

The  following  calculation  shows  that  these  numbers  agree  with 
the  formula : — 

2(ZnO,S3  |^5^^'T+  HO)    +    ZnO,HO 
Calculated.  Analyses. 


Cs  . 

.   48 

12*55 

12*43 

—    — 

Hi3  . 

.   13 

3*39 

3*61 

—    — 

Zn3  . 

.   97*5 

25*49 

— 

25*25   — 

Se  . 

.   96 

25*09 

— 

—   24*80 

Oi6  . 

.  128 

33*48 

— 

—    — 

382*5       100-00 

EthyloMthiomteofBaryla,B^O,S^(^^^"'''\    +    HO.  —  This 

salt  is  prepared  by  adding  to  a  boiling  solution  of  the  zinc  salt, 
caustic  baryta  in  excess,  and  then  passing  carbonic  acid  through  it 
till  the  excess  of  base  is  precipitated.  It  crystallizes  on  cooling 
from  its  concentrated  solution  in  water,  in  the  form  of  a  pelHcle, 
which  9oats  on  the  surface.  It  is  a  colourless  salt,  Avhich  does  not 
decompose  when  heated  to  170°  C;  it  contains  one  atom  of  water 
of  crystallization,  which  is  driven  off  at  100°  C.  Ethylotrithionate 
of  baryta  exposed  for  some  time  over  sulphuric  acid  in  vacuo, 
yielded  the  following  analytical  results. 

I.  7*52  grs.  burnt  with  a  mixture  of  chromate  of  lead  and  oxide 
of  copper,  gave  3*34  gi*s,  of  carbonic  acid,  and  2*05  grs.  of  water. 
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II.  4*235  grs.  dissolved  in  water,  and  the  baryta  precipitated 
with  dihite  sulphuric  acid,  gave  2*40  grs.  of  sulphate  of  baryta, 

III.  6*35  grs.  ignited  with  carbonate  of  magnesia  and  chlorate 
of  potash,  the  product  dissolved  in  hydrochloric  acid,  and  precipi- 
tated witli  chloride  of  barium,  gave  10*835  grs.  of  sulphate  of  baryta. 

These  results  correspond  closely  with  the  above  formula. 

Calculated.  Analyses. 

12  3 


r 


C^  .  .  24  11*84  12*11  —  — 

Hg  .  .       6  2*96           3*03         —             — 

Ba  .  .  68*6  33*86           —  33*33 

S3  .  .  48  23*68            —  —  23*11 

O7  .  .  56  27*66            _  _  _ 


202*6    100-00 

Etliijlotrithionic  Acid. — HO,  S3  S    A    ^>    — To  prepare  this  acid 

in  its  free  state,  a  quantity  of  its  zinc-salt  was  distilled  with  dilute 
sulphuric  acid.  The  thermometer,  during  the  distillation,  stood 
fixedly  at  140°  C,  and  a  liquid  passed  into  the  receiver  which 
reddened  litmus  strongly,  but  contained  the  acid  in  a  very  dilute 
form.  In  the  hope  of  obtaining  it  in  a  more  concentrated  state, 
the  zinc-salt  was  distilled  with  strong  sulphuric  acid;  but  this 
method  did  not  succeed,  as  the  thionic  acid  was  entirely  decom- 
posed, the  mass  in  the  retort  being  charred,  and  large  quantities 
of  sulphurous  acid  evolved,  whilst  an  oily  liquid  with  an  alliaceous 
odour  distilled  over. 

Finding,  however,  that  neither  of  these  methods  was  adapted  for 
obtaining  large  quantities  of  the  free  acid,  I  exactly  precipitated  the 
baryta  from  ethylotrithionate  of  baryta,  by  dilute  sulphuric  acid, 
separated  the  sulphate  of  baryta  by  filtration,  and  thus  obtained  a 
moderately  concentrated  solution  in  water.  A  quantity  of  this 
aqueous  solution  was  subjected  to  prolonged  evaporation  in  a  water 
bath,  but  the  acid  could  not  be  obtained  by  this  method  in  its 
monohydi'ated  state ;  since,  after  very  lengthened  evaporation,  it 
still  retained  five  equivalents  of  water.  To  determine,  however, 
Avhether  the  acid  retained  its  original  constitution,  a  baryta-salt 
was  formed  by  dissohang  in  it  a  quantity  of  carbonate  of  bai*yta. 
The  salt  thus  obtained,  on  being  recrystallized  from  water  and 
dried  at  100°  C,  gave,  on  analysis,  the  following  numbers,  which 
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agree  with  the  formula  of  the  anhydrous  baryta-salt  of  etliylo- 
trithionic  acid : 

T.  8'o4  grs.  burnt  with  chromate  of  lead,  gave  3* 79  grs.  of 
carbonic  acid  and  1"825  grs.  of  water. 

II.  4*47  grs.  burnt  with  oxide  of  copper,  gave  1*975  grs.  of 
carbonic  acid  and  1*00  grs.  of  water. 

III.  9*30  grs.  dissolved  in  water  and  precipitated  with  dilute 
sulphuric  acid,  gave  5*44  grs.  of  sulphate  of  baryta. 

I^'.  4'43  grs.  ignited  with  chlorate  of  potash  and  magnesia,  tlie 
product  dissolved  in  hydrochloric  acid  and  precipitated  with  chlo- 
ride of  barium,  gave  7'82  grs.  of  sulphate  of  baryta. 

Calculated.  Analyses  Jlean. 

1                 2  3  4 

C^.     .     24         12-39  12-10  12-05  —  —  12-08 

H5      .       5           2-58  2-37  2-48  —  —  2-43 

Ba      .     68-6      35-43  —              —  34-41  —  34-41 

S3.     .     48         24-79  _              _  _  24-22  24-22 

0«      .     48         24-81  —              _  _  _  2G-86 


193-6     100-00  100-00 

A    5    Y — This    salt  was 

obtained  by  dissohang  carbonate  of  silver  in  the  fi'ee  acid  prepared 
as  above.  It  is  very  stable,  neither  evaporation  in  a  water-bath 
nor  exposure  to  light  decomposing  it  in  the  slightest  degree.  The 
ethylotrithionate  of  silver  is  a  white  crystalhne  body  very  soluble 
in  water;  on  exposure  to  the  air,  it  rapidly  attracts  moisture, 
becoming  liquid.  It  will  bear  heating  to  100°  C,  but  if  the  tem- 
perature be  raised  much  above  this,  it  is  entirely  decomposed.  This 
salt  after  being  dried  over  sulphuric  acid  in  vacuo,  yielded  the 
following  analytical  results : — 

I.  9-42  grs.  burnt  with  oxide  of  copper,  gave  3*52  grs.  of  car- 
bonic acid  and  1-882  grs.  of  water. 

II.  8-30  grs.  similarly  treated,  gave  3-15  grs.  of  carbonic  acid 
and  1-66  grs.  of  water. 

III.  10-75  grs.  gave  4*005  grs.  of  carbonic  acid  and  2-17  grs. 
of  water. 

lY.  3-6O  grs.,  cautiously  ignited  and  exposed  to  a  stream  of  air, 
gave  1*665  grs.  of  metallic  silver. 

Y.  5-92  grs.  similarly  treated,  gave  2-73  grs.  of  silver. 

YI.  11-40  grs.  dissolved  in  water  and  precipitated  with  hydro- 
chloric acid,  gave  6-995  grs.  of  chloride  of  silver. 
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VII.  5*27  grs.  ignited  with  a  mixture  of  chlorate  of  potash  and 
carbonate  of  inagnesia,  the  product  dissolved  in  hydrochloric  acid 
and  precipitated  with  chloride  of  barium,  gave  7"87  grs.  of  sul- 
phate of  baryta. 

The  following  comparison  shows  that  these  numbers  agree  with 
the  above  formula  : — 

Calculated.  Analyses.  Mean 

1  2  3              4  5  6  7 

C^     .     24       10-30  10-20  10-35  lO'lG         _  _  _  _  10-24 

Hj    .       5        2-15  2-22  222  224         —  —  —  —  2-23 

Ag   .  108       46-35  _  _  _        46-25  46-11  46-18  —  46-18 

S3     .    48       20-60  —  —  _           _  _  _  20-49  20-49 

Oc    .     48       20-60  —  —  _____  20-86 


233     100-00  100-00 

A    5    ^  — This  salt  can 

be  prepared  either  by  the  double  decomposition  of  the  baryta-salt, 
or  by  dissolving  carbonate  of  copper  in  the  free  acid.  It  crystal- 
lizes, both  from  its  aqueous  and  alcoholic  solution,  in  the  form  of 
greenish  blue  needles  which  are  deliquescent.  When  dried  at 
100°  C,  it  gave  on  analysis  the  following  results  : — 

I.  6*55  grs.  burnt  with  oxide  of  copper,  gave  3*64  grs.  of  car- 
bonic acid  and  1-96  grs.  of  water. 

II.  5*85  grs.  similarly  treated,  gave  3*26  grs.  of  carbonic  acid 
and  1*725  grs.  of  water. 

III.  4'27  grs.  cautiously  ignited  and  exposed  to  a  stream  of  air, 
gave  1-08  grs.  of  oxide  of  copper. 

TV.  3*21  grs.  ignited  with  a  mixture  of  chlorate  of  potash  and 
carbonate  of  magnesia,  the  product  dissolved  in  hydrochloric  acid 
and  precipitated  with  chloride  of  barium,  yielded  7'065  grs.  of  sul- 
phate of  baryta. 

These  numbers  agree  with  the  formula  above  given,  as  will  be 
seen  from  the  followiufr  calculation  : — 


Calculated. 

Analyses, 

Mean, 

1 
15-15 

2 
15-20 

3 

4 

c,. 

.      24 

15-33 

15-18 

H5 

5 

319 

3-32 

3-27 

— 

— 

3-29 

Cu 

.     31-6 

20-18 

• — ■ 

— 

20-18 

— 

20-18 

S3 

.     48 

30-65 

— 

— 

— 

30-20 

30-20 

Or, 

.     48 

30-65 

— 

— 

— 

— 

31-15 

156-6 

100-00 

100-00 
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Ethylntrithionic    Ether.— C^U^O,^.^  i^O^^^l  —This  ether  was 

obtained  by  distilling  a  mixture  of  crystallized  ethylotrithionate  of 
baryta  with  sulpho^anate  of  potash.  On  applying  the  heat  of  an 
oil  bath,  the  crude  ether  came  over,  which,  after  being  washed, 
dried  by  standing  over  chloride  of  calcium,  and  redistilled,  pre- 
sented the  appearance  of  an  oily  yellow  liquid  slightly  heavier 
than  water,  and  possessing  a  disagreeable  smell.  It  is  insoluble  in 
water,  but  miscible  with  alcohol  in  all  proportions.  Unfortunately 
I  did  not  obtain  a  sufficient  quantity  of  the  ether  to  admit  of  the 
determination  of  its  specific  gravity  and  boiling  point. 

Ethylotrithionic  ether,  after  being  thoroughly  dried  by  chloride 
of  calcium,  yielded  the  following  analytical  results  : — 

I.  3" 72  grs.  burnt  with,  oxide  of  copper,  gave  4*22  grs.  of  car- 
bonic acid  and  2*21  grs.  of  water. 

II.  2*43  gi's.  burnt  with  magnesia  and  chlorate  of  potash,  the 
product  dissolved  in  hydrochloric  acid  and  precipitated  Avith  chlo- 
ride of  barium,  gave  5*50  grs.  of  sulphate  of  baryta. 

The  following  calculation  agrees  with  the  above  formula : — 

Calculated.  Analyses. 

^         1      2 

Cg  .  48  31-17  30-93  — 

Hjo  .  10  6-49  6-60 

S3  .  48  31-17     —  31-05 

0«  .  48  31-17     —  — 


154       10000 
Ethylotrithionate  of  Soda.—NiiO,S^i^^^\  +     HO.  —  This 

salt  was  also  prepared  by  dissolving  carbonate  of  soda  in  the  free  acid, 
evaporating  to  dryness,  and  treating  with  alcohol,  which  dissolves 
the  ethylotrithionate  of  soda,  whilst  the  excess  of  carbonate  remains 
insoluble.  The  alcoholic  solution,  on  evaporation  in  vacuo  over 
sulphm'ic  acid,  yielded  colourless  crystals  in  the  form  of  needles, 
which  Avere,  however,  very  small  and  not  well  defined.  Deter- 
minations of  the  sulphur  and  sodium  contained  in  this  salt,  after 
being  thoroughly  dried  in  vacuo,  gave  the  following  results  : — 

I.  8'40    grs.   evaporated  to    dryness    with    sulphuric    acid    and 
ignited,  gave  3-94  grs.  of  sulphate  of  soda. 

II.  4-52   grs.  burnt  with  a  mixture  of  chlorate  of  potash  and 
magnesia,  the  product  dissolved  in  hydrochloric  acid  and  precipi- 
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tatcd  with  chloride  of  barium,  gave  9'90  grs.  of  sulphate  of  baryta. 
These  numbers  agree  sufficiently  with  the  above  formula. 

Calculated.  Analyses. 

1  2 


Na     .     23         14-65         15-21  — 

S3      .      48         30-57  —  30-05 

Sulphurous  acid  is  also  rapidly  absorbed  by  zinc-methyl,  a  white 
crystalline  body  being  produced  as  in  the  case  of  zinc-ethyl.  I 
reserve,  however,  for  a  future  communication,  the  complete  history 
of  this  body,  which  contains  most  probably  the  zinc- salt  of  the 
first  acid  of  this  series — viz.,  the  Methylotrithionic  Acid.  It  is 
also  highly  probable  that  a  complete  series  of  organo-thionic  acids 
will  be  produced  by  acting  upon  sulphurous  acid  with  the  various 
zinc-compounds  of  the  alcohol-radicals. 

The  following  is  a  list  of  the  names  and  formula  of  the  bodies 
which  have  been  described  in  this  memoir : — 

Ethylotrithionic     Acid.  —  H0,S3  /^^^s"! 

Ethylotrithionate  of  TAnc. —ZnO,^A^^^\     +  HO. 

Basic  ethylotrithionate  of  Zinc—  2{ZnO,'^J^^^\  +  HO)  +  ZnO,IIO. 

Ethylotrithionate  of  Baryta.— BaO, S3  <j  ^^^5  }>     +  HO. 

Ethylotrithionate  of  Baryta  dried  at  100°  C— BaO,S3<f  ^^^^1 

Q    ^ 

rc  H 

Ethylotrithionate  of  Copper. — CuO,S3^     A   ^ 
Ethylotrithionate  of    oxide  of  Ethyl.— C^H50,S3|^(ij^'-^T 
Ethylotrithionate  of  Soda.— NaO,S3|^^^5l    +    HO. 
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III. — On  a  new  Volumetric  Method  for  the  Determination  of  Copper. 
By  E.  O.  Bbown, 

ASSISTANT  IN  THE  CHEMICAL   ESTABLISHMENT   OP  THE  WAR   DEPARTMENT. 

A  SERIES  of  experiments  conducted  by  Mr.  Abel  in  connection 
with  the  manufacture  of  bronze  guns,  involved  the  analysis  of  a 
large  number  of  samples  of  gun  metal,  with  which  I  Avas  entrusted 
by  him ;  and  the  much  greater  rapidity  with  which  copper  can  be 
estimated,  by  volumetric  methods  than  by  precipitation  as  oxide, 
led  in  the  first  instance  to  the  selection  of  the  method  of  Pelouze 
for  adoption  in  these  experiments,  as  the  one  of  that  class  most 
likely  to  furnish  trustworthy  results. 

The  process  in  question,  as  originally  described  by  Pelouze, 
is  as  follows  : — 

1  gramme  of  copper  is  dissolved  in  5  or  6  grammes  of  com- 
mercial nitric  acid,  with  the  addition  of  a  little  water,  if  necessary ; 
this  solution  is  tlien  mixed  with  40  or  50  cubic  centimetres  of 
concentrated  ammonia,  raised  to  the  boiling  point,  and  a  standard 
solution  of  sulphide  of  sodium  added,  until  the  blue  colour 
disappears.  During  the  whole  of  the  operation,  the  liquid  is  kept 
in  a  state  of  gentle  ebullition,  fresh  quantities  of  ammonia  being 
added  from  time  to  time,  to  make  up  for  the  loss  by  evaporation. 
The  use  of  the  large  quantity  of  ammonia  keeps  the  boiling  point 
of  the  liquid  below  the  temperature  of  80°  C,  beyond  which  it  is 
not  to  be  allowed  to  rise.  The  precipitate  produced  is  expressed 
by  the  formula  CuO,  5CuS ;  but  it  is  stated  to  have  a  different 
composition,  if  the  liquid,  at  the  time  of  precipitation,  is  at  a  higher 
temperature  than  that  above  stated. 

Following  these  directions  as  closely  as  possible,  an  attempt 
was  made  to  standardize  a  solution  of  sulphide  of  sodium  by 
means  of  electrotyped  copper.  The  results  are  given  in  the 
following  table : — 


Quantity  of  Copper 

Measures  of  Sulphide  of 

Calculated  for  10  grains 

taken. 

Sodium  taken. 

of  Copper. 

9-10 

82-5 

90-6 

9-10 

82-8 

90-9 

9-10 

82-2 

90-3 

9-10 

82-5 

90-6 

14-48 

136-0 

93-9 

13-29 

121-5 

91-4 

13-21 

121-8 

92-2 
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It  will  be  observed  that  there  is  little  discrepancy  between 
some  of  these  numbers,  and  it  is  necessary  therefore  to  notice, 
that  when  this  is  the  case,  the  same  quantities  of  copper  were 
employed,  and  especial  care  was  taken  that  the  operation  should 
be  conducted  in  a  precisely  similar  manner.  In  those  instances  in 
which  there  was  any  material  difference  in  the  amount  of  copper 
taken,  and  the  quantity  of  sulphide  of  sodium  necessary  to  obtain 
corresponding  results  was  consequently  unknown,  the  numbers 
obtained  exhibit  but  little  similarity.  It  should  also  be  remarked, 
that  whenever  the  contents  of  the  flask  were  not  shaken,  but  only 
agitated  by  boiling,  a  smaller  amount  of  sulphide  of  sodium  was 
requii'ed. 

Considerable  difficulty  was  experienced  in  deciding  on  the 
exact  point  at  which  the  blue  colour  disappeared;  since  it  was 
found,  on  agitating  the  liquid  a  short  time  after  decoloration, 
that  the  colour  was  restored^  and  this  continued  to  be  the  case  for 
a  considerable  period  after  its  first  disappearance.  Finding  that 
little  dependence  could  be  placed  on  the  disappearance  of  the 
blue  colour,  and  obser^-ing  that  on  reaching  this  point,  the  sulphide 
of  sodium  still  gave  a  copious  black  precipitate,  the  addition  of 
the  sulphide  of  sodium  was  continued,  until  the  copper  was 
completely  precipitated,  and  the  following  results  were  obtained  : — 


Quantity  of  Copper 

Measures  of   Sulphide 

Calculated  for  IC 

taken. 

of  Sodium  taken. 

of  Copper. 

9-10 

88-3 

97-0 

9-10 

89-4 

98-2 

910 

88-6 

97-3 

9-10 

88-4 

97-1 

12-42 

123-0 

99-0 

1306 

127-0 

97-2 

The  same  remarks  apply  to  these  determinations  as  to  the 
former  series. 

The  wide  difference  which  exists  between  these  numbers  and 
the  quantity  of  sulphide  of  sodium  required,  after  the  disappearance 
of  the  blue  colour,  to  precipitate  the  whole  of  the  coppei*,  naturally 
led  to  the  inference,  that  some  chemical  change,  not  hitherto 
noticed,  had  taken  place. 

The  following  experiments  were  consequently  made  : — 

1st.  A  small  quantity  of  a  solution  of  sulphate  of  copper  was 
diluted   with  2  oz.  of  water  containing   a  considerable   excess  of 
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ammonia,  and  the  solution,  wliicli  was  of  a  light  blue  colour,  was 
then  boiled ;  on  adding  a  drop  of  sulphide  of  sodium,  a  precipitate 
was  produced,  which  was  almost  immediately  redissolved,  the 
solution  changing  to  a  greenish-brown.  A  second  drop  of  sulphide 
of  sodium  produced  a  similar  effect.  On  allowing  the  solution  to 
stand  five  minutes,  it  became  perfectly  clear,  its  original  blue  colour 
being  restored. 

2nd.  To  a  solution  of  copper,  in  all  respects  similar  to  the  last, 
3  drops  of  sulphide  of  sodium  were  added  with  the  same  effect  as 
before.  On  the  addition  of  the  fourth  drop,  the  precipitate  ceased 
to  redissolve  and  subsided  in  a  few  seconds,  leaving  the  solution 
still  of  a  brown  colour,  but  of  a  lighter  shade.  The  three  next  drops 
of  sulphide  of  sodium  each  produced  the  same  effect,  after  which 
it  was  found  that  the  whole  of  the  copper  had  been  entirely 
precipitated. 

3rd.  A  solution  of  copper  was  taken,  similar  to  the  last,  but  of 
double  the  strength.  Two  drops  of  sulphide  of  sodium  produced 
no  permanent  precipitate,  the  solution  retaining  its  original  blue 
colour.  The  third  drop  changed  the  blue  colour  to  a  bro\^ii.  No 
permanent  precipitate  was,  however,  produced  till  after  the 
seventh  drop,  but  only  a  darkening  of  the  brown  colour.  On  the 
addition  of  the  seventh  drop,  a  precipitate  appeared,  which,  after 
much  agitation  of  the  liquid,  gradually  subsided,  leaving  the 
solution  nearly  colourless.  The  eighth  drop  again  darkened  the 
colour  of  the  liquid,  this  effect  also  disappearing  on  violent 
agitation.  The  ninth  drop  produced  no  effect,  the  whole  of  the 
copper  having  been  precipitated. 

4th.  To  a  similar  solution  of  copper,  but  of  four  times  the 
original  strength,  four  di'ops  of  sulphide  of  sodium  were  added 
without  changing  the  blue  colour  of  the  solution,  the  precipitate 
redissolving  as  soon  as  formed.  The  fifth  drop  produced  a 
greenish-brown  tint;  but  on  allowing  the  solution  to  stand  about 
half  a  minute,  the  original  blue  colour  was  restored.  After  the 
lapse  of  two  or  three  minutes,  a  sixth  drop  was  added;  the 
precipitate  redissolved,  leaving  the  solution  still  brown.  On  the 
addition  of  the  seventh  drop  the  greenish-brown  tint  again  made 
its  appearance,  gradually  becoming  darker  "^dth  each  successive 
drop  until  the  fourteenth,  when  a  permanent  precipitate  was  first 
produced. 

5th.  To  a  solution  of  copper  prepared  as  before,  but  eight  times 
the  original  strength,   eight    drops  of   sulphide    of   sodium   were 
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added  before  the  blue  colour  changed  to  a  brown,  and  a  permanent 
precipitate  was  first  obtained  after  adding  foiu^teen  drops. 

In  order  to  ascertain  whether  the  amount  of  ammonia  present 
influenced  the  solubility  of  the  oxysulphide  of  copper,  these 
experiments  were  repeated  with  a  much  larger,  as  well  as  with  a 
smaller  quantity  of  ammonia  than  usual,  but  with  the  same 
results. 

From  these  results  it  is  evident  that  the  first  quantities 
of  oxysulphide  of  copper  formed,  are  redissolved  in  the  ammo- 
niacal  sulphate  of  copper,  and  that  the  amount  so  dissolved 
depends  on  the  quantity  of  copper  in  solution. 

The  following  experiment  was  then  made  in  order  to  ascertain 
Avhether  the  oxysulphide  of  copper  dissolved  withoiit  undergoing 
any  change  : — 

To  an  ammoniacal  solution  of  copper,  sulphide  of  sodium  was 
added  so  long  as  the  precipitate  produced  was  redissolved ;  the 
solution  was  then  boiled,  and  a  drop  of  chloride  of  mercury  added, 
which  produced  a  white  precipitate,  showing  that  no  sulphide 
existed  in  the  solution. 

It  is  evident,  therefore,  that  oxidation  of  the  sulphui'  must 
have  taken  place,  which  was  proved  to  be  the  case  by  the  following- 
experiment  : — 

Sulphide  of  sodium  was  added  to  an  ammoniacal  solution  of 
copper,  until  the  blue  colour  was  destroyed ;  the  liquid  was  then 
agitated  by  boiling  and  the  clear  liquid  decanted  off:  it  vras  then 
acidified  with  sulphuric  acid ;  and  on  boiling,  a  brown  precipitate  of 
sulphide  of  copper  made  its  appearance,  rendering  it  highly 
probable  that  the  sulphur  had  passed  into  the  state  of  hypo- 
sulphurous  acid,  or  some  of  the  lower  oxides  of  sulphur. 

It  would  appear  that  the  oxysulphide  of  copper  was  oxidised 
at  the  expense  of  the  protoxide  of  copper  in  solution,  the  suboxide 
being  produced ;  whilst  the  repeated  restoration  of  the  blue 
colour  on  agitation  of  the  liquid,  as  already  described,  clearly 
shows  that  siiboxide  of  copper  exists  in  solution.  This  is  also 
further  proved  by  the  fact,  that  on  filtering  an  ammoniacal 
solution  of  copper,  to  whicli  sulphide  of  sodium  has  been  added 
till  the  blue  colour  is  destroyed,  the  blue  tint  immediately 
reappears  in  the  filtrate,  from  oxidation  of  the  suboxide  having 
taken  place  in  its  passage  through  the  pores  of  the  filter. 

In  order  to  show  still  more  clearly  that  the  changes  above 
mentioned  take  place,  the  following  experiment  was  made  : — 
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Sulphide  of  sodium  was  added  to  an  ammoniacal  solution  of 
copper  uutil  the  blue  colour  disappeai'ed.  After  allowing  the 
precipitate  to  subside^  the  colourless  liquid  was  decanted  off  and 
divided  into  two  portionSj  oue  of  which  was  acidulated  with 
sulphiu'ic  acid  and  boiled,  wlien  the  brown  precipitate,  before 
mentioned,  made  its  appearance.  The  other  portion  was  passed 
through  a  filter,  when  it  was  observed  that  the  blue  colour 
iromediately  reappeared,  and  on  acidiiying  no  precipitate  was 
produced  ;  showing  that  in  the  latter  case,  by  passing  through  the 
pores  of  the  filter  (which  may  be  considered  equivalent  to  a 
lengthened  agitation),  the  sulphur  had  passed  from  the  lower  into 
the  higher  oxides,  and  the  suboxide  of  copper  into  the  protoxide. 

Throughout  these  experiments,  the  ammoniacal  solution  of  cop- 
per was  boiled,  previous  to  adding  the  sulphide  of  sodium. 

The  standard  solution  of  salphide  of  sodium  used  was  made 
by  dissolving  2  oz.  of  caustic  soda  in  1  quart  of  Avater.  This 
solution  was  then  divided  into  two  equal  parts,  one  of  which  was 
saturated  with  sulphuretted  hydrogen  ;  after  mixing  this  saturated 
portion  with  the  remainder  of  the  solution  of  caustic  soda,  the 
whole  was  placed  in  a  vessel  capable  of  holding  one  gallon,  which 
was  then  filled  with  distilled  water. 

It  appears,  therefore,  that  in  determining  copper  by  this 
method,  the  following  changes  take  place  : — 

1st.  That  a  portion  of  the  oxysulphide  of  copper  is  oxidised  at 
the  expense  of  the  salt  of  copper  in  solution,  the  latter  being 
reduced  to  the  state  of  suboxide,  and  consequently  that  a  considerable 
quantity  of  copper  must  exist  in  the  solution  after  the  disappearance 
of  the  blue  colour.  From  the  great  affinity  of  an  ammoniacal 
solution  of  suboxide  of  copper  for  oxygen,  it  necessarily  follows 
that  agitation  of  the  liquid  must  give  rise  to  a  constant  reproduction 
of  protoxide  of  copper. 

2nd.  That  the  sulphur  of  the  sulphide  of  sodium  also  passes 
into  solution  in  the  form  of  hyposulphurous  acid  or  some  other 
low  oxide  of  sulphur,  thereby  lessening  the  effect  which  the 
sidphide  of  sodium  would  otherwise  produce. 

It  should  also  be  remarked,  that  in  adding  sulphide  of  sodium 
to  a  solution  of  suboxide  of  copper,  a  smaller  quantity  of  sulphur 
is  required  for  a  given  amount  of  copper  than  in  precipitating  the 
protoxide. 

These  changes,  in  addition  to  the  different  composition  of  the 
oxysulphide  of  copper  produced,  according  to  the  temperature  of 
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the  liquid  at  the  time  of  precipitation,  as  stated  by  Pelouze, 
sufficiently  explain  the  difficulty  experienced  in  obtaining  accurate 
results  by  the  use  of  this  method. 

The  conclusion  to  be  draTni  from  the  above  results  appears  to 
be,  that  the  method  of  determining  copper  by  means  of  sulphide 
of  sodium  cannot  be  considered  as  chemically  correct,  inasmuch  as 
an  equivalent  of  sulphur  does  not  precipitate  a  constant  amount 
of  copper ;  although  it  is  evident  from  the  great  number  of 
determinations  detailed  by  Pel ouze,  that  by  long  practice  and 
skilful  manipulation,  considerable  accuracy  may,  be  attained,  as,  by 
adheriug  closely  to  the  same  mode  of  operating  in  all  cases,  the 
errors  in  each  must  necessarily  be  nearty  alike. 

A  trial  was  next  made  of  the  method  proposed  by  Parkes, 
which  is  thus  described  in  Mitchell's  Manual  of  Assaying. 

"Take  a  given  quantity  of  pure  copper  (say  10  grains),  place  it 
in  a  flask,  and  dissolve  it  in  nitric  acid,  add  ammonia  in  excess,  and 
then  make  it  into  a  bulk  of  2500  grs.  by  measure  (about  1-third  of 
a  pint)  by  the  addition  of  water,  although  this  is  not  absolutely 
necessary.  Dissolve  1  ounce  (avoirdupois)  of  pure  cyanide  of  potas- 
sium, free  from  ferrocyanide  or  sulphide  of  potassium,  in  6  oz.  by 
measure  of  water ;  filter  if  necessary,  and  place  the  solution  in  a 
well-stoppered  bottle  till  required  for  use.  I  then  ascertain  the 
quantity  of  this  solution  of  cyanide  of  potassium  required  to 
decolorize  the  solution  of  copper  by  taking  a  given  quantity  in 
any  graduated  vessel — as  a  burette — and  pour  it  by  degrees  into 
the  solution  of  copper,  adding  the  last  quantity  drop  by  drop  until 
it  is  decoloiized.  This  is  very  easily  perceived,  as  there  is  no 
precipitate  to  interfere,  and  the  operation  is  conducted  at  the 
ordinary  atmospheric  temperature." 

In  the  course  of  the  experiments  made  by  this  method,  it  was 
observed  that  the  bleaching  effect  of  the  cyanide  of  potassium  was 
gradual  in  its  operation ;  and  it  was  found  that  on  allowing  an 
ammoniacal  solution  of  copper,  to  which  cyanide  of  potassium  had 
been  added  (but  not  sufficient  to  destroy  the  blue  coloui")  to  stand 
for  a  short  time,  it  became  completely  bleached  ;  the  quantity  of 
cyanide  of  potassium  necessary  to  produce  complete  decoloration 
being  in  proportion  to  the  length  of  time  taken  in  the  opera- 
tion. 

Under  these  circumstances,  the  point  at  which  the  addition  of 
the  cyanide  of  potassium  should  cease  became  a  matter  of  great 
uncertainty,  and  as  this  method  did  not  promise  more  accurate 


FOR  THE  DETERMINATION  OF  COPPER.  71 

results  than  those  obtained  by  sulphide  of  sodium,  it  was  not 
pursued  further. 

In  the  course  of  a  number  of  experiments  made  with  the  view 
of  obtaining  some  other  method  of  determining  copper  with 
greater  certainty  than  either  of  the  preceding,  the  reaction  of 
iodide  of  potassium  upon  a  salt  of  copper,  which  results  in  the 
production  of  subiodide  of  copper  and  free  iodine,  appeared  likely 
to  be  available  for  this  purpose. 

Knowing  with  what  accuracy  iodine  may  be  determined  by 
means  of  sulphurous  acid,  according  to  the  method  proposed  by 
Buns  en,  it  seemed  reasonable  to  expect,  that  by  determining  the 
amount  of  iodine  liberated  by  the  action  of  iodide  of  potassium 
upon  a  salt  of  copper,  an  equal  degree  of  accuracy  could  be 
attained  in  the  estimation  of  copper. 

Bun  sen's  method  for  the  determination  of  iodine,  is  to  add 
an  excess  of  a  very  dilute  solution  of  sulphurous  acid  of  known 
strength,  and  to  estimate  the  amount  of  sulphurous  acid  unacted 
upon,  by  a  standard  solution  of  iodine.  On  calculating  the  amount 
of  S  O2  in  this  state  of  dilution,  required  for  the  determination  of 
10  grs.  of  copper,  I  found  the  quantity  would  be  inconveniently 
large,  and  that  the  use  of  a  stronger  solution  was  not  practicable. 
Whilst  endeavouring  to  obviate  this  difficulty,  it  occui-red  to  me 
that  the  reaction  of  hyposulphurous  acid  on  iodine,  which  results 
in  the  formation  of  hydriodic  and  tetrathionic  acids,  might  be 
substituted  for  that  of  sulphurous  acid ;  and  a  number  of  experi- 
ments were  instituted  to  ascertain  wheiher  this  was  the  case,  the 
results  of  which  proved  that  iodine  may  be  determined  by  means 
of  hyposulphurous  acid  with  as  great  a  degree  of  accuracy  as  by 
Buns  en's  method,  and  moreover,  with  the  advantage  of  requiring 
only  one  standard  solution  instead  of  two,  and  that  of  a  more 
stable  character  than  a  solution  of  sulphurous  acid. 

The  method  finally  adopted  for  determining  copper  is  as 
follows  : — 

Ten  grains  of  copper  are  dissolved  in  dilute  nitric  acid,  and  the 
solution  boiled  until  free  from  nitrous  acid ;  it  is  then  diluted  with 
about  an  ounce  of  water,  and  carbonate  of  soda  added  until  a 
portion  of  the  copper  is  precipitated.  Pure  acetic  acid  is  then 
added  in  excess,  and  the  solution  poured  into  a  flask  capable  of 
holding  about  12  oz.  Al)out  GO  grains  of  iodide  of  potassium  are 
then  thrown  into  the  flask,  and  sufficient  time  having  been 
allowed  for  the  crystals  to  dissolve,  a  standard  solution  of  hypo- 
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sulphite  of  soda  is  added  until  the  greater  part  of  the  iodine  has 
disappeared,  which  is  indicated  by  the  liquid  changing  from  a 
brown  to  a  yellow  colour.  A  little  clear  solution  of  starch  is  then 
added,  and  the  addition  of  the  hyposulphite  of  soda  cautiously 
continued  until  no  further  effect  is  produced. 

The  bleaching  effected  by  the  last  portions  of  hyposulphite  of 
soda  may  be  best  seen  by  allowing  the  drops  to  fall  into  the  centre 
of  the  flask  whilst  the  liquid  is  in  motion,  when  streaks  of  a  lighter 
colour  Avill  be  produced  so  long  as  any  iodine  remains. 

When  the  quantity  of  iodide  of  potassium  employed  was  less 
than  six  times  the  weight  of  the  copper  to  be  determined,  satis- 
factory results  were  not  obtained. 

Care  must  be  taken  that  the  iodide  of  potassium  employed  is 
free  from  iodate  of  potash,  and  that  the  acetic  acid  contains  no 
sulphurous  acid. 

The  solution  of  starch  should  be  made  by  boiling  Avith  a  large 
quantity  of  water,  any  undissolved  portions  allowed  to  subside, 
and  the  clear  liquid  only  used. 

A  solution  of  hyposulphite  of  soda  obtained  by  dissolving  about 
4000  grains  of  the  salt  in  two  gallons  of  water,  was  standardized 
by  means  of  electrotyped  copper.  The  burette  employed  was 
capable  of  holding  1500  grains  of  solution,  each  drop  corresponding 
to  about  0*006  of  a  grain  of  copper. 

The  numbers  obtained  were  as  follows  : — 


Grs.  of  Copper 

Measures  of  Standard 

Calculated  to  10  grs. 

taken. 

used. 

of  Copper. 

8-02 

124-6 

155-3 

7-44 

115-7 

155-4 

7-67 

119-2 

155-4 

8-32 

129-4 

155-5 

Another  quantity  of  standard  solution  gave  the  following: — 

8-38  131-4  156-8 

8-78  137-5  156-7 

Several  experiments  were  made  in  order  to  ascertain  to  what 
extent  the  results  obtained  by  this  process  were  liable  to  error 
from  irregular  manipulation  or  changes  of  temperature,  the  same 
amount  of  copper  (9-10  grains)  being  used  in  each  experiment. 

In  the  first,  the  directions  above  given  were  strictly  observed  ; 
the  ([uautity  of  standard  solution  required  was  134-4  measures. 
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In  the  second,  time  was  not  Jilloued  for  the  ciystals  of  iodide 
of  potassium  to  dissolve  before  beginning  to  add  the  hyposulphite 
of  soda  ;  the  number  of  measures  required  was  134"3. 

In  the  thirds  the  solution  of  copper  was  diluted  with  as  much 
water  as  could  be  conveniently  contained  in  the  flask  ;  the  number 
of  measures  required  was  134*5. 

In  the  fourth,  the  solution  of  copper  was  as  concentrated  as 
possible ;  the  number  of  measures  required  was  13'1'4. 

In  the  fifth,  after  adding  the  crystals  of  iodide  of  potassium, 
the  solution  was  shaken  up  and  allowed  to  stand  for  a  quarter  of 
an  hour  before  proceeding  with  the  hyposulphite  of  soda;  the 
number  of  measures  required  was  134'3. 

In  the  sixth,  the  operation  was  conducted  at  150°  F. ;  the 
number  of  measures  reqviired  was  131  •2.  The  flask  in  this 
experiment  was  observed  to  be  filled  with  the  vapour  of  iodine. 

In  the  seventh,  the  operation  was  conducted  at  the  temperature 
of  90°  F. ;  the  number  of  measures  required  was  134*0. 

From  these  experiments  it  is  evident  that  slight  difl'erences  in 
the  mode  of  manipulating  do  not  in  any  way  affect  the  results  so 
long  as  the  solution  is  not  heated. 

The  presence  of  tin,  lead,  iron,  or  zinc  in  small  quantities,  is 
also  immaterial. 

When  the  alloy  in  which  the  copper  is  to  be  determined 
contains  a  large  proportion  of  lead  or  iron,  these  metals  should  be 
separated  previous  to  the  determination  of  the  copper,  since  the 
yellow  precipitate  of  iodide  of  lead  and  the  red  colour  of  the 
acetate  of  iron  render  it  difiicult  to  distinguish  the  eff'ect  produced 
by  the  last  quantities  of  hyposulphite  of  soda. 

The  following  determinations  of  copper  in  a  number  of  speci- 
mens of  gun-metal,  taken  fi'om  castings  at  the  Royal  Gun  Factory 
at  Woolwich,  will  serve  to  show  the  accuracy  which  may  be 
obtained  by  this  method  : — 


Grs.  of  Metal 

Measures  of  Standard 

Per  centage  of  Copper 

taken. 

used. 

in  alloy. 

1013 

139-7 

90-79 

9-99 

137-7 

90-66 

10-54 

145-0 

90-59 

10-46 

144-1 

90-68 

10-09 

139-3 

90-90 

10-52 

1455 

9109 
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Grs.  of  Metal 
taken. 

Measures  of  Standard 
used. 

Per  centage  of  Copper 
in  alloy. 

10-23 
10-15 

141-9 
140-6 

91-32 
91-23 

10-52 
10-40 

146-7 
141-9 

91-79 
91-75 

9-93 
10-14 

136-4 
139-3 

90-48 
90-42 

10-19 
10-26 

141-1 
142-3 

91-21 
91-36 

9-79 
9-82 

136-6 
1370 

89-17 
89-19 

9-96 
10-05 

142-7 
144-2 

90-78 
90-72 

1000 
10-10 

144-6 
-       146-2 

91-60 
91-52 

It  may,  therefore,  be  safely  stated  that  copper  can  be  estimated 
with  ease  and  certainty  by  this  method  to  within  ^l  or  yV  per  cent., 
and  that  the  method  possesses  the  advantage  over  those  hitherto 
nsed  of  being  likely  to  give  similar  results  in  the  hands  of  different 
manipulators. 


IV. — On  the  Action  of  Light  upon  Chloride  of  Silver. 
By  Frederick  Guthrie,  B.A.,  Ph.D. 

ASSISTANT   IN   THE   LABORATORY    OF   OWEN'S   COLLEGE,   ITANCHESTEE. 

The  blackening  produced  by  light  upon  chloride  of  silver  in  the 
moist  state  Avas  ascribed  by  Scheele  to  the  liberation  of  chlorine, 
and  the  deposition  of  metallic  silver.  He  proved  that  the  black- 
ened mass  was  only  partially  soluble  in  ammonia,  and  that  the 
portion  which  remained  undissolved  by  this  re-agent  was  soluble 
in  nitric  acid.  Daniell  and  others  considered  the  blackening  to 
be  due  to  the  formation  of  oxide  of  silver,  imagining  the  decom- 
position of  the  water  present  by  the  chlorine,  to  be  accompanied  by 
a  corresponding  oxidation  of  the  reduced  silver.  Others,  again, 
have  supposed  the  formation  of  a  subchloride. 
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The  few  experiments  wliicli  I  subjoin  tend,  unmistakeably,  to 
support  the  -view  originally  advanced  by  Scheele. 

(1.)  Two  or  three  grammes  of  dry  chloride  of  silver  were 
sealed  in  a  glass  tube,  and  exposed  to  direct  and  diffused  sunlight. 
There  was  increased  tension  in  the  tube.  Chlorine  was  shown, 
by  the  iodine  test,  to  be  present  in  the  free  state. 

(2.)  A  portion  of  chloride  of  silver,  dried  at  100°,  was  intro^ 
duced  into  a  perfectly  dry  tube.  The  tube  being  then  half-filled 
with  pure  and  dry  benzole,  and  heated  until  the  boiling  of  the 
benzole  had  expelled  all  the  air,  was  hermetically  sealed,  and 
exposed  Avith  agitation  to  the  light.  The  rapid  blackening  which 
the  chloride  here  underwent,  proved  the  presence  of  oxygen  to  l)e 
unnecessary. 

(3.)  Four  or  five  grammes  of  moist  chloride  of  silver  were 
sealed  in  a  tube.  The  tube  was  half  filled  v/ith  water,  and  hermeti- 
cally sealed.  After  exposure  to  the  light  for  ten  or  twelve  days, 
with  frequent  agitation,  it  was  opened,  the  contents  thrown  upon 
a  filter,  and  washed  with  cold  water.  On  adding  nitrate  of  silver 
to  the  filtrate,  a  precipitate  of  chloride  of  silver  was  formed.  The 
grey  mass  on  the  filter  was  treated  with  strong  ammonia  until  the 
latter  ceased  to  dissolve  any  more  of  the  unaltered  chloride.  There 
remained  on  the  filter  a  slaty  grey  bodj-,  which,  in  the  dry  state, 
took  the  metallic  lustre  under  the  pestle.  This  body  was  soluble 
in  nitric  acid,  not  reprecipitable  by  ammonia,  but  precipitated  by 
dilute  hydrochloric  acid.  The  non-precipitation  of  the  nitric  acid 
solution  by  the  most  gradual  addition  of  ammonia,  seemed  already 
to  point  to  the  absence  of  chlorine. 

(4.)  About  ten  grammes  of  the  moist  chloride  were  inti'oduced 
into  a  tube  of  1^  ft.  in  length,  and  |  in.  internal  diameter.  After 
adding  water  and  sealing,  the  tube  was  exposed  as  before.  The 
supernatant  liquid  was  poured  off,  and  the  mass  washed  by  decan- 
tation.  The  hydrochloric  acid  was  thrown  down  by  nitrate  of 
silver.     The  chloride  of  silver  was  estimated  on  a  weighed  filter 

(dried  at  100°C.)         Ag  CI  =  0-2125  grm. 

The  washed  material  from  the  tube  was  digested  with  strong- 
ammonia.  The  slaty-grey  residue  which  subsided,  leaving  the 
liquid  above  quite  clear,  was  collected  upon  a  weighed  filter  and 
washed,  first  with  ammonia,  then  with  water 

(dried  at  100°C.)         Grey  substance  =  01 750  grm. 


76  GUTHRIE 

This  substance  assumed  the  metallic  lustre  under  the  buruislicr. 
It  dissolved  in  warm  nitric  acid,  decomposing  the  latter.  The 
substance,  together  with  the  filter,  was  thrown  into  strong  nitric 
acid:  after  digestion  and  due  dilution,  it  was  filtered.  The  silver 
was  thrown  doAvn  by  dilute  hydrochloric  acid,  collected  on  a 
weighed  filter  and  estimated. 

(dried  at  100°C.)         Ag  CI  =  0-2254  grm. 

Supposing,  now,  the  grey  substance  obtained  to  have  been 
metallic  silver,  it  should  have  given  0'2333  grm.  of  chloride.  The 
amount  actually  obtained,  though  too  small,  is  yet  sufficiently 
near  to  the  calculated  quantity  to  show  that  the  original  chloride 
of  silver  subjected  to  the  light,  had  really  undergone  decom- 
position into  chlorine  and  metallic  silver.  That  the  chloride  of 
silver  obtained  from  the  hydrochloric  acid,  found  in  the  tube  on 
breaking  it  open,  was  somewhat  smaller  than  that  from  the  silver, 
Avas  probably  due  to  an  escape  of  a  portion  of  the  free  acid  by 
evaporation  during  manipulation. 

(5.)  About  twelve  grammes  of  the  chloride  of  silver  were  intro- 
duced into  a  tube;  the  tube  was  then  half  filled  with  fuming 
nitric  acid,  sealed,  and  exposed  as  before.  On  opening  the  tube 
it  was  found  to  contain  hydrochloric  acid.  The  chloride  was  found 
to  have  undergone  a  blackening  quite  as  deep  as  that  Avhich 
had  taken  place  in  chloride  of  silver  surrounded  by  water,  which 
was  exposed  to  the  same  light  for  the  same  time.  On  treating 
the  contents  as  in  experiment  (4),  there  was  found 

Grey  substance      .         .         .     =   0*1643 
which  gave         .       Ag  CI       =  0-2040 

The  quantity,  supposing  the  substance  to  have  been  silver, 
should  have  been 

Ag  CI  =  0-2183 

This  is  sufficiently  near  to  show  that  the  substance  in  question 
was  nothing  else  than  metallic  silver. 

(6.)  Confirmatory  of  experiment  5. 

(7.)  The  circumstances  were  as  in  experiment  5,  excepting 
that  the  nitric  acid  employed  was  more  dilute. 

On  treating  the  contents  as  in  experiment  4,  I  found 

Grey  substance  =  0'2207  grm. 
and  this  gave 

Ag  CI  =  0-2870 
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instead  of  the  calculated  quantity 

Ag  CI  =  0-2932 

In  experiments  4,  5,  6,  the  grey  substance  when  dry  assumed 
the  metallic  lustre  under  the  burnisher. 

The  fact  that  the  chloride  of  silver  was  reduced  to  the  metallic 
state,  even  in  the  presence  of  nitric  acid,  was  quite  unexpected. 
I  found  that  neither  by  removing  the  affected  mass  from  the  light, 
and  agitating  it,  nor  even  by  warming  it,  was  the  original  white- 
ness restored.  Indeed  the  silver  Avas  only  very  gradually  attacked 
by  boiling  nitric  acid,  unless  the  undecomposed  chloride  had  been 
previously  removed  by  the  action  of  ammonia.  It  seems  as  if  the 
light,  in  reducing  the  silver  in  spite  of  the  nitric  acid,  had  thereby 
thrown  it  into  a  more  passive  state,  and  that  only  after  contact 
with  the  alkaline  ammonia,  was  its  original  basic  condition  restored. 

The  chloride  of  silver  used  in  these  experiments  was  in  every 
instance  washed  by  decantation,  in  order  to  avoid  the  presence  of 
organic  matter. 


y. — 071  some  Thermo-electrical  ProjJerties  of  the  Metals  Bismitth 
and  Antimony  ivhen  used  as  single  elements. 

By  Richard  Adie,  Liverpool. 

I  WISH  to  shen"  that  when  bars  of  bismuth  are  cast  so  as  to 
break  with  a  smooth  cleavage  surface,  or  with  a  granular  surface, 
they  possess  different  thermo-electrical  properties.  Also  that  bars 
of  antimony,  under  similar  treatment,  partake  in  a  lesser  degree  of 
the  same  character. 

Square  bars  of  bismuth  7  inches  long  by  'lo  of  an  inch  square, 
were  cast  in  a  brass  mould  which  opened  along  two  of  the  oppo- 
site diagonal  edges  of  the  bar  to  admit  the  removal  of  the  casting. 

Bismuth  cast  in  this  mould,  previously  heated  to  the  melting 
temperature  of  the  metal  and  slowly  cooled,  broke  with  a  fracture 
which  presented  a  large  shining  surface ;  and  when  cast  in  the 
mould  cold,  the  fracture  of  the  bars  presented  a  surface  similar  to 
some  of  the  common  varieties  of  cast  iron.  It  was  with  these  two 
classes  of  bars  that  I  obtained  the  different  results  noted  in  the 
experiments. 
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Bismuth,   cast    +    Bisniutli,   cast   + 


Antimony  bars  were  prepared  in  like  manner,  but  the  frac- 
ture of  those  cast  at  the  highest  temperatui'es  was  never  free  from 
the  eflFect  produced  by  the  chilling  of  the  sides  of  the  moidd. 

The  results  are  arranged  in  the  following  table.  The  signs 
+  —  arc  put  opposite  the  bars  when  they  were  negative  or  positive, 
according  to  the  direction  in  which  the  heat  was  made  to  cross 
the  joint. 

First  Bar.  Sign.       Second  Bar.       Sign.  Description. 

Bismuth,   cast    +    Bismuth,   cast    +        This  was  a  bar  broken  in 
of  large  grain   —     of  large  grain    —  two,  the  surfaces  for  contact 

being  slightl}'  rounded  with 
a  file.  Heat  and  electricity 
crossed  the  joint  in  the  same 
direction. 

This  was  a  broken  bar;  the 
broken  surfaces  for  contact 
being  rounded.  Heat  and 
electricity  crossed  the  joint 
in  opposite  directions. 

Heat  and  electricity  crossed 
of  small  grain    —  the  joint  in  the  same  direc- 
tion. 

-f        This  was  a  broken  bar;  the 
—   broken     surfaces     rounded. 
Heat  and  electricity  crossed 
the  joint  in   the   same   di- 
rection. 

These  v/ere  two  separate 
castings.  The  direction  of 
the  flow  of  heat  across  the 
joint  did  not  govern  that  of 
the  electrical  current  gene- 
rated. 
+  Antimony,  fine  +  Separate  castings.  Heat 
—     steel-like  —   and    electricity    crossed  the 

fracture  joint  in  tlie  same  direction. 

When  a  thin  leaf  of  bismuth  was  nipped  between  the  two 
antimony  surfaces,  heat  and  electricity  immcdiatelj'  crossed  the 
joint  in  opposite  directions. 


of  small  grain 


Bismuth,  cast 
of  large  grain 

Antimony, 
large  grain 


Antimony,  fine 
steel-like 
fracture 


Antimony, 
large  grain 


of  small  grain    — 


+   Bismuth,    cast   + 


+ 


Antimony, 
large  grain 


Antimony,  fine    + 
steel-like 
fracture 


I ,  r/m;,,,,,,.-,  SoJr 


II.  JfcA-/   Sail  . 


Ill      fnr-.v,.-.  Salt 


IV      /',■„,„■„.■:   S„/f 


V  .  aUnJr  ff  Crppa 


H      G        F    bK   I) 


li        F  1,K  nfi 


I .  fTtm/ifiirn  Sn/f 


II  .  JfirifF  Salt 


tl        G  a    F    b  K   D  B 
VII    Mr/vMni«  r//7('ri^^ 


I    bE  J)  r. 
XIII .  fppper  Sait  . 


W       (,        F    bE  I) 
XIX.    </i7(nia/J'  (f  flyfa^Tv 


G       I    bE   D  B 
VIII .  -Ferruityamdt'  pfJhtaes 


bE  DB 
XIV.  J^em^  Sii7jokccyanfcie' 


G       F   b  R  D  B 
XX.  Bu-hromate  of  Ihtasf) . 


bE    1)  B 
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VI. — On  the  use  of  the  Prism  in  qualitative  analysis. 
By  Dr.  J.  H.  Gladstone,  F.R.S. 

The  ordinary  methods  of  qualitative  analysis  depend  on  a 
system  of  exclusion.  We  first  determine  that  the  substance 
analysed  does  not  contain  auy  member  of  certain  large  groups, 
but  consists  of  one  or  more  members  of  certain  other  groups : 
and  these  we  sub-divide,  excluding  one  division  after  another,  till 
we  arrive  at  the  individual  member  or  members,  and  these  are  at 
length  distinctly  recognized  by  special  characteristics,  or  perhaps, 
special  tests.  In  this  process,  the  indications  of  colour  have 
hitherto  played  but  a  very  subordinate  part.  They  have,  indeed, 
been  esteemed  most  valuable  when  we  come  to  special  charac- 
teristics or  tests,  but  in  any  previous  stage  of  the  process  they  are 
not  relied  on.  Thus,  to  take  an  instance  : — if,  in  mineral  analysis, 
we  meet  with  a  metal  not  prccipitable  by  hydrochloric  or  hydro- 
sulphuric  acids,  but  thrown  down  by  sulphide  of  ammonium,  as 
well  as  by  ammonia  or  potash,  as  a  gelatinous  oxide  soluble  in 
the  fixed  alkalis,  the  green  colour  of  the  oxide  at  once  confirms 
the  conclusion  that  the  metal  is  chromium;  but  if  we  see  an 
unknown  salt  or  mixture  of  salts  of  a  similar  green  colour,  we  do 
not  conclude  that  it  contains  chromiiun,  nor,  if  we  fail  to  recognize 
that  colour,  do  we  necessarily  infer  that  chromium  is  absent.  Vsc 
know  indeed  on  the  one  hand  that  there  are  many  other 
green  salts,  and  on  the  other  hand  we  speak  of  some  of  the  salts 
of  chromium  as  not  green,  but  red,  or  blue. 

Now  this  arises  in  a  great  measure  from  merely  observing 
the  colour  as  it  appears  to  the  untutored  and  unaided  eye.  It 
should  be  remembered  that  the  coloui*  of  an  object  is  the  resultant 
of  the  various  rays  of  the  spectrum  which  it  reflects  or  transmits, 
or,  perhaps  more  philosophically,  of  the  various  rays  which  it  does 
not  absorb.  Yet  that  colour  may  be  produced  hj  the  union  of 
totally  different  rays;  thus — one  substance  may  appear  indigo, 
because  it  reflects  the  indigo  ray,  another,  liecause  it  reflects  the 
blue  with  a  little  red. 

This  can  evidently  be  determined  only  by  the  prism;  and  in 
examining  the  coloured  solutions  of  various  salts  by  that  instru- 
ment, I  have  been  led  to  the  conviction  that  chromatic  phenomena 
may  be  relied  on  in  analysis  to  an  extent,  which  I  think  has  been 
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rarely,  if  ever,  suspected.  There  is  this  advantage  too  in  such  a 
mode  of  determining  the  character  of  a  body,  that  not  a  particle 
of  it  need  be  used  up  in  the  analysis,  nor  altered  or  destroyed  by 
the  addition  of  reagents — a  matter  of  no  slight  importance  when 
we  have  to  deal  with  organic  compounds,  or  valuable  mineral 
substances.  Mr.  Pears  all,  and  perhaps  others,  have  used  the 
prism  with  success  in  particular  cases;  Professor  Stokes  has 
claimed  for  it  a  place  in  the  laboratory  ;^  and  it  is  to  draw  the 
attention  of  chemists  still  more  decidedly  to  this  mode  of  analysis, 
and  to  lay  down  some  generalized  observations,  that  I  have  written 
the  present  paper. 

The  use  of  the  prism  is  not  difficult.  Many  different  methods 
may  be  pursued.  Professor  Stokes  examines  the  chromatic 
effect  of  some  metallic  oxides  by  fusing  them  with  a  bead  of  micro- 
cosmic  salt,  and  "  viewing  through  a  prism  the  inverted  image  of 
the  flame  of  a  candle  formed  by  the  bead,  the  latter  being  so  held 
as  to  be  seen  projected  on  a  dark  object."t  Iii  examining  a 
powder  or  small  crystal  I  have  found  the  following  plan  answer : — 
A  plate  of  glass  is  held  in  the  sun-light  in  such  a  position  that 
few,  if  any,  rays  are  reflected  b}'^  its  surface  to  the  eye,  while 
through  it  is  seen  a  piece  of  black  cloth  or  paper  in  the  shade. 
On  the  glass  is  then  placed  a  thin  line  of  the  poAvder,  or  a  small 
crystal  or  two,  which  will  of  course  appear  brightly  illuminated 
against  a  dark  ground.  By  viewing  this  through  a  prism,  the  line 
of  powder  will  be  expanded  into  a  ribbon,  or  the  crystal  into  a 
broad  image,  which,  by  its  varied  colours,  will  show  what  rays  are 
reflected.  Another  way  of  examining  a  solid  substance  is  by 
looking  at  it  with  a  prism  through  a  slit  in  a  black  card.  But 
these  are  inelegant  and  inexact  methods  of  observation  as  com- 
pared with  what  is  practicable  when  liquids  are  examined.  We 
have  then  to  deal  especially  with  transmitted  light.  The  common 
method  is  to  view  by  a  prism  a  slit  in  the  window  shutter,  seen 
through  a  glass  vessel  containing  the  liquid ;  but  this  method 
generally  fails  to  give  intelligible  results  unless  attention  be  paid 
to  the  strength  of  the  solution,  and  the  thickness  of  the  stratum 

*  Since  the  al)Ove  was  written,  my  attention  has  been  called  to  the  fact  that  Mr. 
Talbot  (Ed.  Joum.  Sci.  v,  77,  and  Phil  Mag.  iv,  114,  and  ix,  3),  and  Mr.  Crookes, 
have  recommended  the  prism  as  a  means  of  distinguishing  the  different  flames  given 
by  metallic  salts;  but  this  plan  of  procedure,  though  doubtless  very  accurate  in 
certain  cases,  is  of  limited  and  difficult  application. 

+  Phil.  Trans.     1852,  p.  .'122. 
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through  which  the  ray  passes ;  for  in  most  cases  the  different  rays 
of  hght  are  not  absorbed  immediately  on  their  entering  a  liquid, 
but  when  they  have  penetrated  it  to  a  greater  or  less  distance,  and 
they  disappear,  not  suddenly,  but  by  becoming  gradually  fainter 
and  fainter.  Hence,  for  holding  the  solution,  I  am  in  the  habit 
of  employing,  not  a  vessel  with  parallel  sides,  but  a  hollow  wedge 
of  glass  held  in  such  a  position  that  the  slit  in  the  window- shutter 
is  seen  traversing  various  thicknesses  of  the  liquid  from  the 
thinnest  possible  film  to  a  stratum  of  perhaps  three-quarters  of  an 
inch  in  thickness.  This  line  of  coloui'ed  light  does  not  then 
appear  uniform  :  as  will  be  at  once  foreseen,  it  varies  in  intensity 
from  almost  pm'e  white  to  a  deep  shade  ;  and  it  frequently  displays 
variations  of  a  much  more  unexpected  character,  being  of  a  totally 
different  colour  in  one  part  to  what  it  is  in  the  other ;  for  instance, 
blue  at  one  end  of  the  line,  and  red  at  the  other,  every  shade  of 
purple  intervening.  When  this  coloured  line  of  Hght  is  analysed 
by  a  prism,  very  remarkable  appearances  often  present  themselves : 
the  whitish  portion  of  the  line,  where  the  light  traverses  very 
little  liquid,  vtill  be  expanded  into  a  ribbon,  differing  but  little 
from  the  spectrum  given  by  unaltered  light ;  but  as  the  line  is 
viewed  through  deeper  and  deeper  portions  of  liquid,  some  rays 
are  seen  to  diminish  in  intensity,  others  gradually  to  die  out,  while 
others,  again,  almost  immediately  disappear,  giving  place  to  perfect 
darkness.  If  the  prism  be  a  tolerably  good  one,  the  slit  narrow, 
and  the  day  not  too  dull,  the  most  visible  of  "Frauuhofer^s 
lines  "  will  be  readily  seen  running  like  black  threads  along  this 
coloured  ribbon,  and  ser\ing  to  mark  with  perfect  accuracy  what 
rays  are  transmitted,  and  what  absorbed.  The  appearances  thus 
presented  to  the  eye  can  be  easily  transferred  to  paper,  thus 
ginng  at  one  glance  the  optical  character  of  the  rays  which 
penetrate  every  different  thickness  of  the  solution. 

From  the  numerous  observations  I  have  made  in  this  manner,  it 
may  be  laid  down  as  a  general  rule  that  all  the  compounds  of  a 
particular  base,  or  acid,  have  the  same  effect  on  the  rays  of  light. 
Occasionally,  but  very  rarely,  a  glaring  exception  occurs ;  and 
much  more  frequently  there  are  certain  variations  in  degree — the 
same  rays  being  absorbed,  but  to  a  slightly  different  extent,  as 
compared  with  one  another. 

This  truth  has  been  partially  recognized  for  a  long  time  :  thus 
every  chemist  knows  that  the  salts  of  nickel  are  green,  and  those 
of  zinc  colom'less ;  but  there  are  other  cases  in  which  it  is  not  so 
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evident — in  fact,  where  apparent  exceptions  occur.     Some  of  these 
anomalies  are  here  discussed. 

Chromium  Salts. — It  has  been  already  stated  that  some  salts  of 
chromium,  are  called,  not  green,  as  the  generahty  are,  but  red  or 
blue.  This  remark  applies  to  both  solid  and  dissolved  salts. 
Yet  when  these  various- coloured  solutions  are  examined  in  the 
way  described  above,  they  all  give  the  same,  or  very  nearly  the 
same,  spectrum,  and  that  a  very  characteristic  one.  See  Fig.  1. 
The  thinnest  stratum  of  liquid  suffices  to  cut  off  all  the  yellow 
rays,  and  nearly  all  the  indigo  and  violet :  as  the  thickness 
increases,  the  transmitted  light  appears  more  and  more  con- 
centrated about  two  points,  the  one  at  the  least  refrangible  end  of 
the  spectrum,  the  other  between  the  lines  F  and  b.  It  is  there  of  a 
bluish  green  tint,  and  is  at  first  supported  on  either  side  (if  such  an 
expression  may  be  allowed)  by  blue  and  by  yellowish  green,  which, 
however,  soon  disappear,  leaving  it  also  gradually  to  be  absorbed, 
while  the  red,  which  was  at  first  accompanied  by  orange,  passes 
through  the  deep  liquid  alone,  and  with  almost  undiminished 
brilliancy. 

The  result  of  this  great  penetrating  power  of  the  red  ray  as 
compared  with  the  green  and  blue,  is,  that  the  chloride,  nitrate, 
sulphate,  sulphocyauide,  and  other  salts  of  chromium,  which 
appear  green  in  tolerably  dilute  solution,  appear  red  when  we  look 
through  a  strong  or  a  very  deep  solution.  This  circumstance  has 
been  noticed  by  Schrcetter  and  others,  and  has  been  explained 
by  Sir  John  Herschel,"^  who  gives  the  name  of  dichromatism 
to  the  phenomenon.  Now  the  acetate,  though  it  absorbs  the  same 
rays  as  the  above-mentioned  salts,  does  not  transmit  the  green  so 
readily ;  hence  it  appears  usually  red,  and  it  is  only  in  very  thin  or 
weak  solution  that  it  assumes  the  green  appearance  :  while  the 
"  red  potassio- oxalate  "  absorbs  the  green  so  speedily  that  tliat 
colour  never  preponderates,  and  the  thinnest  stratum  never 
approaches  it  nearer  than  a  bluish  red.  Yet  these  present  a  pris- 
matic appearance  scarcely  distinguishable  from  that  of  the  salts 
p^e^^ously  described. 

Again,  there  are  two  apparently  isomeric  modifications  of 
some  chromium  salts,  which  differ  in  colour  as  well  as  in 
chemical  properties.  Thus  it  is  the  blue,  and  not  the  green  sul- 
phatCjt  that  combines   with  sulphate   of   potash  to  form  potash 

•  Ed.  Phil.  Trans.     Vol.  ix. 

+  Berz.elius  and  S'chroetter  have  liotli  proved  tliis. 
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chrome  alum  :  but  this  double  salt,  though  it  appears  so  unlike 
one  of  the  green  compounds  to  the  unaided  eye,  gives  the  same 
peculiar  prismatic  appearance.  The  "  blue  potassio-oxalate,"  also, 
though  the  thinnest  stratum  of  its  solution  is  a  faint  bluish  purple, 
exhibits  the  same  two  maxima  of  transmission,  the  only  perceptible 
difference  being  that  the  blue  space  near  F  is  very  brightly  illu- 
minated. An  easy  method  of  obsenang  these  two  modifications 
is  to  take  an  ordinary  green  solution  of  nitrate  of  chromium, 
divide  it  into  two  parts,  and  boil  one  of  them  for  a  few  minutes 
with  an  excess  of  nitric  acid.  When  cool  again,  the  contrast  between 
the  two  by  daylight  will  be  very  great,  the  one  a  deep  green,  the 
other  a  bluish  purple ;  but  if  examined  in  the  way  described  above, 
they  will  present  very  nearly  the  same  prismatic  appearance,  the 
only  difference  being  that  the  acid  solution  transmits  more  light, 
at  least,  more  of  the  red  and  blue  rays. 

Thus  the  various  chromium  salts,  though  optically  very  different 
to  the  unaided  eye,  present  almost  exactly  the  same  appearance, 
and  that  a  very  characteristic  one,  when  examined  in  the  manner 
suggested. 

Cohalt  Salts. — We  are  accustomed  to  speak  of  blue  and  red 
salts  of  cobalt ;  but  this  difference  depends  reaUy  on  the  state  of 
hydration,  and  the  prism  reveals  an  analogy,  otherwdse  unsuspected, 
between  the  two  colours. 

The  chloride,  and  other  salts,  when  anhydrous,  are  blue.  Alco- 
holic solutions  of  the  chloride,  and  acetate  are  also  blue. 

The  chloride,  and  other  salts,  when  hydrated,  whether  in  the  crys- 
tallized condition,  or  actually  dissolved  in  water,  are  red.  The  only 
exception  to  this,  with  which  I  am  acquainted,  is  the  sulphocya- 
nide,  which  crystallizes  of  a  magnificent  blue,  and  gives  a 
saturated  aqueous  solution,  also  of  a  blue  colour.  The  addition 
of  more  water,  however,  gradually  changes  this  to  the  same  red  as 
any  other  solution  of  a  cobalt  salt ;  while  the  subsequent  addition 
of  alcohol  restores  the  blue  colour  to  a  greater  or  less  degree. 

A  blue  salt  of  cobalt,  such  as  smalt  blue  glass,  or  an  alcoholic 
solution  of  the  chloride,  is  dichromatic,  and  if  the  light  reaching 
the  eye  has  traversed  a  sufficiently  large  quantity,  it  appears  red. 
The  alcoholic  solution  examined  in  the  manner  described  above, 
exhibits  a  very  remarkable  appearance.  It  is  represented  in 
Fig.  10.  The  extreme  red  ray  penetrates  with  the  greatest  facility, 
indeed  it  is  much  more  visible  where  the  stratum  is  thick,  than 
where  it  is  thin,  because  in  the  latter  case  the  neighbouring  orange, 
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by  its  great  luminosity  renders  it  almost  imperceptible.  Imme- 
diately succeeding  this  narrow  red  ray,  is  a  thin  space  of  perfect 
absorption,  followed  by  another  red  ray,  which  penetrates  a  short 
distance,  and  by  the  orange  which  penetrates  a  little  farther. 
Then,  coincident  with  the  line  D,  but  considerably  broader,  is  a 
space  of  absolute  blackness,  while  the  rays  between  it  and  E 
advance  far  into  the  liquid,  yellow  and  bright  green.  The  suc- 
ceeding rays,  till  near  F,  are  greatly  reduced  in  brilliancy  on 
their  first  entering  the  liquid,  yet  they  succeed  in  penetrating  it 
to  a  considerable  distance  as  a  faint  bluish  green.  The  blue  rays 
are  admitted  very  readily,  the  indigo  still  more  so,  and  the  violet 
advances  further  yet  into  the  liquid,  the  lines  F,  d,  and  G  being 
very  discernible. 

A  red  solution  of  a  cobalt  salt  gives  the  appearance  represented 
in  Fig.  11.  The  red  and  orange  rays  are  transmitted  with  the 
greatest  ease,  the  line  D  is  strongly  marked,  the  yellow  penetrates 
not  quite  so  far,  while  the  rays  between  E  and  F  are  very  faint, 
though  they  are  not  soon  wholly  absorbed ;  the  blue  passes  readily, 
and  the  indigo  and  violet  show  a  constantly  increasing  power  of 
penetration.     The  lines  d  and  G  are  very  distinct. 

On  comparing  the  prismatic  appearances  of  these  two  classes 
of  cobalt  salts,  it  will  be  at  once  perceived  that  both  the  anhydrous 
and  the  hydrated  salts  transmit  the  extreme  rays  of  each  end 
of  the  spectrum  most  freely.  They  are  analogous  also  in  the 
faint  greenish  blue  which  penetrates  for  some  distance  though  with 
but  feeble  luminosity,  between  E  and  F.  Through  a  strong  and 
deep  solution  of  either  the  red  ray  alone  passes.  There  are,  how- 
ever, some  equally  well  marked  points  of  contrast :  the  orange  ray 
is  almost  immediately  absorbed  by  the  blue  salt,  but  is  transmitted 
with  the  greatest  facility  by  the  red ;  and  the  maximum  of  absorp- 
tion is,  in  the  one  case,  about  B,  and  in  the  other  about  F. 

Copper  Salts. — Anhydrous  copper  salts  present  a  variety  of 
colours  :  hydrated  crystals,  or  solutions,  are  generally  blue,  but 
sometimes  green  ;  yet  the  green  salts  themselves  become  blue 
when  dissolved  in  a  sufficient  amount  of  water. 

Alcoholic  solutions  not  merely  of  the  green  chloride,  but  of  the 
blue  acetate,  are  green.  "When  examined  by  the  prism,  they  give 
the  appearance  delineated  in  Fig.  5.  A  thin  stratum,  even  of  a 
very  dilute  solution,  cuts  off  at  once  the  least  refrangible  red  rays, 
and  the  whole  of  the  more  refrangible  half  of  the  spectrum.  The 
ravs  from  a  little  before  Z)  to  a  little  before  F  are  transmitted. 
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and  penetrate  indeed  with  almost  undiminished  kimiuosity 
through  a  very  great  thickness  of  solution,  appearing  to  the  eye 
of  an  almost  uniform  bright  green  colour.  At  first  they  are 
accompanied  on  either  side  by  a  little  red  and  blue,  but  these  are 
soon  absorbed.  This  description  applies  equally  to  a  saturated 
.  aqueous  solution  of  the  chloride. 

The  blue  salts  of  copper,  and  all  aqueous  solutions,  if  sufficiently 
diluted,  give  an  appearance  not  differing  widely  from  the  normal 
spectrum.  The  rays  about  the  blue  portion  are  admitted  very 
freely,  while  those  at  each  end  are  partially  but  not  wholly 
absorbed.  They  differ  considerably  in  the  extent  to  which  these 
other  rays  are  suppressed ;  the  consequence  of  which  is  that  solu- 
tions of  some  salts,  for  instance,  the  acetate,  appear  of  a  much 
deeper  blue  than  solutions  of  other  copper  salts,  though  of  cor- 
responding strength.     Fig.  13  is  taken  from  the  acetate. 

Most,  if  not  all,  double  salts  of  copper,  (as,  for  instance,  the 
double  sulphate  of  copper  and  potash,  or  ammonia,)  are  nearly 
identical  with  the  simple  salt  both  in  the  character  and  intensity 
of  the  colour.  The  true  ammoniacal  salts  of  copper,  which  appear 
so  intensely  blue,  must  be  distinguished  from  these,  as  they  appear 
to  contain  the  copper  in  some  state  of  combination  with  the 
elements  of  ammonia,  and  they  give  a  very  different  prismatic 
appearance.  The  maximum  of  absorption  is  about  D,  the  red  and 
the  green  rays  are  transmitted  a  short  distance,  while  the  indigo, 
violet,  and  still  more  refrangible  invisible  rays,  are  suffered  to  pass 
most  freely. 

Ferric  Salts. — An  examination  of  the  various  ferric  salts  is  very 
instructive,  in  respect  to  the  limits  within  which  there  may  be 
diversity  in  the  action  of  different  compounds  of  the  same 
base  on  the  rays  of  light.  It  is  well  known  that  they  are 
for  the  most  part  red,  yet  there  is  an  immense  difference 
in  the  degree  of  redness  exhibited  by  different  salts  when 
dissolved.  Thus  the  nitrate  is  almost  colourless,  unless  in 
strong  solution ;  the  acetate  is  vastly  redder ;  while  the  meconate 
and  sulphocyanide  are  most  intense  in  theii'  colour.  Yet  the  ferric 
chloride  is  orange-yellow,  and  a  solution  of  the  citrate  sometimes 
appears  green.  In  all  these  cases,  however,  there  is  an  absorption 
more  or  less  complete,  of  all  the  more  refrangible  rays,  leaving  the 
least  refrangible  to  penetrate  almost  any  thickness  without  much 
diminution.      This  great  transmissibility  of  the  red  ray   causes 
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those  salts  which  appear  of  another  colour  in  dilute  solution  to  be 
dichromatic. 

On  closer  inspection,  several  groups  of  ferric  salts  may  be  dis- 
tinguished ;  all  of  which,  however,  agree  in  this  permanence  of  the 
extreme  red. 

1 .  Those  ferric  salts  which  are  red  at  any  thickness,  for  instance, 
the  sulphocyanide.  An  extremely  thin  film,  of  a  strong  aqueous 
or  alcoholic  solution  of  this  compound,  permits  all  the  rays  of  the 
spectrum  to  pass ;  but  suddenly  all  are  cut  off  except  those  less 
refrangible  than  the  line  D,  and  after  awhile  the  extreme  red  alone 
penetrates.  See  Fig.  14.  If  a  weaker  solution  of  ferric  sulpho- 
cyanide be  examined,  there  will  be  observed  a  tendency  •  of  the 
blue  ray  to  manifest  itself;  for  this  salt,  as  is  well  known,  is  altered 
by  the  addition  of  water.     See  Fig.  15. 

2.  Solutions  of  the  ferric  chloride  and  citrate  give  the  same 
prismatic  spectrum,  at  least  as  far  as  configuration  is  concerned, 
though  they  appear  very  different  to  the  unaided  eye.  The 
chloride  is  of  an  orange-yellow,  and  whether  the  solution  be 
strong  or  weak,  deep  or  shallow,  it  appears  of  very  neaiiy  the  same 
tint  and  depth  of  shade.  The  citrate,  ou  the  contrary,  if  little  be 
presented  to  the  eye  at  once,  is  green;  if  more,  it  is  warm  brown; 
if  still  more,  red.  In  each  case  the  prism  shows  that  all  the  rays, 
from  the  least  refrangible  to  E  are  freely  transmitted  ;  at  h  the  blue 
begins  to  fringe  the  green,  but  it  is  soon  absorbed ;  while  every 
ray  beyond  that  is  cut  off  absolutely,  the  violet  by  even  a  thin 
stratum  of  a  very  dilute  solution.  See  Fig.  6.  Tliere  is 
a  difference,  as  will  be  anticipated,  between  the  intensity  of  the 
rays  transmitted  by  these  two  salts :  the  chloride  admits  the 
orange  and  yellow  to  almost  any  distance  with  apparently  undi- 
minished luminosity ;  while  the  citrate  transmits  the  green  rays, 
subduing  the  intensity  of  the  others  to  such  a  degree  that  the 
yellow  space  at  least  appears  green  also. 

3.  The  compounds  of  ferric  oxide  with  meconic  acid  and  its 
derivatives  form  a  very  distinct  group.  The  meconate  itself  is 
dichromatic,  appearing  red  en  masse,  but  of  a  peach-blossom  colour 
when  in  a  very  thin  stratum.  The  prismatic  appearance  is  given 
in  Fig.  16.  The  red  and  orange  rays  are  transmitted  freely,  the 
yellow  and  green  are  rather  soon  absorbed;  about  i^no  ray  what- 
ever enters  the  solution,  but  the  more  refrangible  are  admitted, 
gi'adually  fade,  and  disappear  all  at  about  the  same  distance,  and 
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rather  abruptly.  The  comenate  of  iron  gives  a  prismatic  appear- 
ance v.hich  is  almost  identical,  see  Fig.  17;  but  the  more 
refrangible  half  of  the  spectrum  is  not  so  luminous,  T  think ;  and 
the  indigo  ray  penetrates  farther  than  its  neighbours.  The 
maximum  of  absorption  is  about  half  way  between  b  and  F. 
The  ferric  pyromeconate  appeared  indistinguishable  by  the  prism 
from  the  comenate.  There  are  two  compounds  of  comenamic 
acid  and  ferric  oxide,  the  one  affording  an  intense  red,  the  other 
a  still  more  intense  purple  solution.  Yet  different  as  these  are 
to  the  unaided  eye,  they  give  the  same  configuration  of  spectrum 
when  examined  with  a  prism,  and  this  configuration  differs  from 
that  of  the  comenate,  only  in  the  same  manner  as  the  latter  differs 
from  that  of  the  meconate.  It  is  represented  in  Fig.  18.  The  acid 
comenamate,  which  is  red,  transmits  the  red,  orange,  green,  and 
blue,  as  its  congeners  do,  but  allows  the  violet  to  penetrate  farther 
even  than  the  indigo.  The  basic  cumenamate,  which  is  blue -purple 
in  thin,  and  red-purple  in  thick  stratum,  transmits  the  same  rays 
as  the  acid  salt;  but  the  luminosity  of  the  more  refrangible  half 
of  the  prismatic  appearance  is  much  greater,  and  it  penetrates 
farther. 

The  ferric  gallate,  ferrocyauide,  and  ferridcyanide  are  perfectly 
different  to  other  salts  of  the  same  base  in  their  action  on  the  rays 
of  light. 

Chroinates. — It  is  well  known  that  chromic  acid  and  its  com- 
pounds are  all  highly  coloured,  but  that  the  colour  is  not  the  same 
in  all  cases ;  yet  the  prism,  while  it  indicates  a  perfect  differ- 
ence between  the  compounds  of  chromic  oxide  and  those  of 
chromic  acid,  exhibits  a  close  analogy  between  the  various 
chromates.  Thus  bichromate  of  potash  is  red,  while  the  neutral 
chromate  is  yellow ;  but  a  glance  at  Figs.  19,  20,  will  show  that 
their  prismatic  appearances  bear  a  certain  analogy.  The  red  salt 
in  thin  stratum  permits  the  least  refrangible  half  of  the  spectrum 
to  pass,  but  cuts  off  at  once  every  ray  more  refrangible  than  F ; 
as  the  stratum  of  liquid  increases,  it  absorbs  the  slight  amount 
of  blue,  and  the  red  also,  until  nothing  is  visible  except  a  bright 
band  of  orange  and  yellowish  green,  extending  equal  distances  on 
each  side  of  D,  but  not  quite  including  either  Boy  E.  The  yellow 
salt  admits  a  somewhat  wider  spectrum :  as  seen  through  the 
hollow  wedge,  it  presents  an  uniform  band  of  light,  extending  the 
whole  length,  and   consisting  of  the  ordinary  spectrum   as  com- 
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prized  between  A  and  F;  only  when  it  is  very  thin  a  little  more 
blue  and  red  appear. 

Both  chromic  acid,  and  bichromate  of  silver,  though  red  in  the 
solid  state,  give  orange-yellow  solutions,  and  prismatic  appearances 
almost  identical  with  that  presented  by  yellow  chromate  of 
potash. 

Litmus. — As  an  instance  from  the  organic  world,  litmus  may  be 
selected.  Every  tyro  in  chemistry  is  familiar  with  the  fact  that 
this  substance  is  blue  when  neutral,  more  blue  when  alkaline,  red 
when  acid,  and  of  a  peculiar  wine-red  colour  when  affected  by 
either  carbonic  or  boracic  acid.  Now  the  prismatic  appearances, 
presented  by  these  differently  coloured  kinds  of  litmus,  are  only 
modifications  of  a  common  type. 

If  a  neutral  solution  of  litmus  be  placed  in  the  hollow  wedge, 
its  dichromatic  character  becomes  at  once  evident :  the  thin  por- 
tion appears  blue,  the  thick  portion  red,  while  every  shade  of  purple 
intervenes.  If  a  line  of  light  passing  through  these  various  thick- 
nesses be  examined  by  a  prism,  it  shows  that  the  red  penetrates  any 
distance  almost  unchanged,  that  the  orange  is  more  readily  absorbed, 
that  the  rays  a  little  less  refrangible  than  D  are  absolutely  stopped, 
that  the  green  is  transmitted  to  a  considerable  distance,  and  is  very 
luminous,  that  the  blue  is  transmitted  not  quite  so  far,  and  the 
indigo  and  violet  are  still  more  quickly  absorbed.  See  Fig.  21.  If  to 
this  solution  of  litmus,  an  alkali,  whether  fixer!  or  volatile,  be  added, 
the  passage  of  the  red,  yellow,  green,  and  violet  rays  is  little,  if  at 
all,  affected,  but  the  hquid  becomes  more  opaque  to  the  orange 
ray,  and  far  more  transparent  to  the  blue  and  indigo.  See 
Fig.  22.  The  extent  to  which  this  alteration  takes  place  depends  on 
the  amount  of  alkali  present.  If  to  the  solution  of  neutral  litmus, 
boracic  acid  be  added,  it  manifests  its  presence  by  causing  the 
indigo  and  violet  to  be  more  freely  transmitted  than  even  the 
blue,  but  besides  this  it  produces  little  change.  See  Fig.  23.  If, 
however,  an  ordinary  acid  be  mixed  with  the  litmus,  a  more  exten- 
sive alteration  is  effected  :  the  maximum  of  absorption  takes  place 
not  in  the  yellow,  but  in  the  bluish  green  space,  about  midway 
between  b  and  F :  the  red  and  orange  rays  are  transmitted  with 
the  greatest  readiness,  the  yellow  less  readily,  the  green  is  speedily 
absorbed,  while  the  blue,  indigo,  and  violet,  though  faint,  penetrate 
some  distance  into  the  liquid.  See  Fig.  24.  The  transparency  of 
this  solution  to  the  more  refrangible  part  of  the  spectrum  depends 
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on  its  degree  of  acidity;  indeed,  if  very  slightly  acid,  a  thin 
stratum  of  litmus  appears  of  a  light  bluish  purple. 

Salts,  each  constituent  of  ivhich  is  coloured. — When  two  bodies 
combine,  each  of  which  exerts  an  influence,  and  a  different 
influence,  on  the  rays  of  the  spectrum,  it  might  be  expected  at  the 
first  thouglit  that  the  resulting  colour  would  be  the  colour  of  the 
first  constituent,  plus  the  colour  of  the  second  constituent ;  but  a 
moment's  reflection  will  show  that  this  cannot  be :  the  one  con- 
stituent will  absorb  certain  rays,  and  the  other  certain  other  rays, 
and  the  salt  itself  will  transmit  only  those  rays  which  are  not 
absorbed  by  either,  or  in  other  words,  those  rays  which  are  trans- 
mitted by  both.  Thus  the  resulting  colour  may  sometimes  to  the 
unaided  eye  bear  no  kind  of  relation  to  the  original  colours.  As 
an  instance,  acid  chromate  of  chromium  may  be  taken.  This  salt, 
compounded  of  two  substances  which  give  respectively  yellow  and 
gi'cen  solutions,  is  not  a  bright  green,  but  a  brownish  red :  yet 
this  is  just  what  theory  requires,  as  will  be  endent  on  noticing  the 
rays  not  absorbed  by  either  Fig.  1  or  19.  And  even  where  the 
combination  of  the  two  substances  does  give  the  reputed  resultant 
of  the  two  original  colours,  as  in  the  chromate  of  copper  (Fig.  9), 
Avhich  is  yellowish  green,  the  resulting  colour  really  does  not  con- 
tain the  whole  of  either  of  the  original  prominent  tints,  but  is  due 
to  the  rays  that  lie  between  them,  and  are  common  to  both. 
Compare  Figs.  13  and  19. 

This  persistence  of  the  chromatic  effect  of  substances  vsdth 
whatever  they  are  combined,  renders  it  sometimes  impossible  to 
decide  whether  two  coloured  constituents  have  combined  or  not  • 
thus,  on  mixing  permanganate  of  potash  with  ferric  chloride,  we  still 
see  the  very  remarkable  series  of  bands  that  characterizes  the  first  of 
these  solutions  (Fig.  12),  and  the  complete  absorption  of  the  blue 
caused  by  the  second  (Fig.  6),  but  there  is  nothing  in  this  circum- 
stance, either  to  prove  or  disprove  the  formation  of  permanganate 
of  iron.  Nor  does  the  fact  that  the  mixture  of  the  blue  perman- 
ganate with  the  yellow  ferric  salt,  has  produced  a  red  solution, 
afford  any  indication  of  a  chemical  change ;  that  colour  might  be, 
and  indeed  was,  anticipated  from  a  consideration  of  what  rays 
were  absorbed  by  each.  Indeed,  if  blue  sulphindigotate  of  potash 
be  mixed  with  yellow  chromate  of  potash,  the  resulting  colour  is 
likewise  red,  and  not  green,  although  certainly  no  combination 
has  taken  place  between  them.     How  easily  might  a  chemist  be 
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misled,  and  suppose  that  the  unexpected  colour  indicated  the 
production  of  a  new  substance  ! 

This  examination  of  apparent  exceptions  to  the  general  rule  that 
"  all  the  compounds  of  a  particular  base,  or  acid,  have  the  same 
effect  on  the  rays  of  light,"  shows  that,  even  in  these  cases,  the 
rule  still  holds  good,  or  at  least  that  the  diflereuces  are  only  modi- 
fications of  a  common  tj^e. 

The  following  conclusions,  of  practical  value  in  analysis  may  be 
drawn  : 

1.  "WTien  the  light  transmitted  by  a  coloured  solution  of 
unknown  composition  is  examined  by  a  prism,  little  can  be  inferred 
from  the  fact  that  a  particular  ray  is  absorbed,  unless,  indeed, 
we  happen  to  recognize  some  of  those  very  peculiar  black  bands 
which  characterize  certain  bodies,  as  the  permanganates;  but 
from  the  fact  of  a  particular  ray  being  transmitted,  we  may  con- 
clude as  almost  certain  that  none  of  those  bodies  which  in  ordinary 
combination  absorb  that  ray,  are  there  present  in  any  kind  of 
combination. 

2.  Beside  this  negative  inference,  we  may  frequently  arrive  at 
a  positive  conclusion.  It  is  a  rare  circumstance  that  the  mere 
colour  of  a  solution  will  inform  even  the  most  experienced  eye  of 
what  it  is  that  imparts  the  colour ;  but  directly  it  is  examined  by 
the  hollow  wedge  and  prism,  some  familiar  spectral  appearance 
may  be  recognized,  which  cannot  be  mistaken,  and  is  at  once  dis- 
tinctive. Thus,  suppose  we  have  an  inorganic  salt,  which  gives  a 
green  solution :  it  may  be  a  compound  of  nickel,  or  of  protoxide  of 
iron  or  of  uranium_,  of  sesquioxide  of  chromium,  or  possibly  of 
copper,  of  ferric  oxide,  or  of  the  protoxide  of  molybdenum,  or  it  may 
be  a  ferrid cyanide,  or  a  compound  salt,  such  as  chromate  of  copper. 
True,  these  greens  are  not  all  alike  to  the  unaided  eye,  but  the 
diff'erences  of  their  character  are  not  easily  described  or  remem- 
bered ;  but  let  the  prism  be  applied  to  them,  and  they  are  at  once 
distinguished,  and  that  without  losing  a  drop  of  the  solution. 
The  different  appearances  are  represented  side  by  side  in  the 
plate,  viz.  Figs.  1  to  9. 

Fig.  1.  A  salt  of  sesquioxide  of  chromium  in  weak  solution. 
Already  described. 

Fig.  2.  A  salt  of  nickel.  A  spectrum  in  which  the  extreme 
ends,  the  red  and  violet,  are  soon  cut  off,  while  the  whole  middle 
portion  is  transmitted  without  change. 
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Fig.  3.  A  protosalt  of  iron  after  being  exposed  for  a  short  time  to 
the  atmosphere.  The  pale  bluish  green  solution  of  a  pure  ferrous 
salt  admits  all  the  rays  freely,  but  the  most  refrangible  are  reduced 
in  intensity. 

Fig.  4.  A  protosalt  of  uranium.  These  remarkable  absorption 
bands  were  pointed  out  first  by  Stokes. 

Fig.  5.  Green  ehloride  of  copper.     Already  described. 

Fig.  6.  Citrate  of  the  sesquioxide  of  iron  in  dilute  solution. 
Already  described.  It  differs  fi-om  the  copper  salt  principally  in 
the  constant  presence  of  the  red  ray. 

Fig.  7.  Green  chloride  of  molybdenum.  Similar  to  the  chloride 
of  copper,  but  transmitting  red  for  some  distance,  and  a  larger 
amount  of  blue. 

Fig.  8.  A  ferridcyanide.  The  potassium-salt  (the  only  one 
examined)  appears  green,  except  in  very  deep  solution,  when  it  is 
red  :  the  prismatic  appearance  of  thin  strata  resembles  that  of 
citrate  of  iron,  but  afterwards  absorption  takes  place  of 
the  rays  just  beyond  D,  and  those  more  refrangible  are  gradually 
absorbed  afterwards,  till  at  last  the  rays  between  E  and  b  alone 
penetrate ;  then  these  disappear,  and  the  spectrum  between  A  and 
D  passes  onwards  alone. 

Fig.  9.  Chromate  of  copper.  The  yellow  and  green  are  con- 
stantly transmitted ;  the  red  and  orange  are  gradually  absorbed ; 
the  more  refrangible  half  of  the  spectrum  is  cut  off  at  once. 

These  observations  will  be  sufficient  to  prove  that  the  varying 
chromatic  phenomena  exhibited  by  different  substances,  may  be 
taken  advantage  of  in  qualitative  analysis,  to  an  extent  which  has 
been  hitherto  unappreciated.  My  remarks  have  been  almost 
confined  to  transmitted  light ;  but  the  phenomena  of  reflected 
light  offer  a  similar,  and  as  yet  almost  unoccupied  field  of  inves- 
tigation. What  1  have  here  marked  down  must  be  considered 
rather  as  a  tentative  inqmry,  than  as  a  really  valuable  contribution 
to  our  knowledge  of  the  effect  of  different  chemical  substances  on 
the  rays  of  light ;  but  should  any  one  be  induced  to  take  up  the 
matter  systematically,  he  might  easily  make  such  a  series  of  obser- 
vations, as  would  furnish  data  for  regular  tables  of  comparison,  and 
the  prism  would  then  take  its  place,  as  the  blow-pipe  does  now, 
among'*the  recognized  and  almost  indispensable  instruments  of 
the  analytical  laboratory. 
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January  19,  1857. 
Dr.  Miller,  President,  in  the  Chair. 

The  following  donations  were  announced  : — 

"  The  Pharmaceutical  Journal :"  from  the  Editor. 
"  The  Journal  of  the  Society  of  Arts :''  from  the  Society. 
"  Memoirs  of  the  Academy  of  Sciences  of  Madrid :"  from  the 
Academy. 

A  paper  was  read  : — 

''  On  the  Composition  of  Wheat  Grain  and  its  products  in  the 
Mill,  with  some  observations  on  Bread:''  by  J.  B.  Lawes,  Esq., 
and  Dr.  Gilbert. 


February  2,  1857. 
Dr.  Miller,  President,  in  the  Chair. 

The  following  donations  were  announced : — 

"  The  Journal  of  the  Society  of  Arts :"  from  the  Society. 

"  The  Journal  of  the  Photographic  Society  :"  from  the  Society. 

"  The  Pharmaceutical  Journal :"  from  the  Editor. 

The  following  gentlemen  were  elected  Fellows  of  the  Society  : — 
Cornelius  H anbury,  Esq.,  Plough  Court,  Lombard  Street. 
John  Jones,  Esq.,  Dufifryn  Chemical  Works,  Risca. 
Thornton  John  Herapath,  Esq.,  Bristol. 
Francis  Thirkill  Conington,  Esq.,  C.C.C,  Oxford. 


94  PROCEEDINGS    OF    THE    CHEMICAL    SOCIETY. 

Papers  were  read  : — 

"  On  Alum  in  Bread,  and  its  Detection:"  by  E.  H.  Hado  *v,  Esq. 
"On  the  use  of  the  Prism  in  qualitative  Analysis:"  by  Dr.  J.  H. 
Gladstone. 


February  16,  1857. 
Col.  Philip  Yorke,  Vice-President,  in  the  Chair. 

The  following  gentlemen  were  elected  Fellows  of  the  Society : — 

Rev.  John  Barlow,  M.A.,  F.R.S.,  5,  Berkeley  Street. 
Thomas  William  Burr,  F.R.A.S.,  Gresham  Villa,  Highbury. 
Henry  Hancock,  Jun.,  Esq.,  59,  Harley  Street. 

Papers  were  read  : — 

"On   the  valuation  of  Nitre,"  by  Messrs.  Abel  and  Bloxam. 

"  On  the  Thermo-electric  properties  of  various  Metals  in  refer- 
ence to  the  direction  in  which  Heat  and  Electricity  cross  their 
Joints  :"  by  R.  A  die,  Esq. 

"Note  on  Crystallized  Binoxide  of  Tin:"  by  F.  A.  Abel,  Esq. 

"  On  the  temperature  of  Charcoal  while  traversed  by  an  Electric 
Current:"  by  R.  Adie,  Esq. 

The  Chairman  declared  the  names  of  the  Officers  and  Members 
of  Council  who  retire  from  office  at  the  approaching  Anniversary 
Meeting,  in  accordance  ^ith  the  bye-laws;  and  of  the  Officers 
and  Members  of  Council  recommended  by  the  Council  for  election. 


March  2,  1857. 
Dr.  Miller,  President,  in  the  Chair. 

The  following  donations  were  announced: — 

"  The  Pliarmaceutical  Journal :"  from  the  Editor. 

"  The  Journal  of  the  Photographic  Society:"  from  the  Society. 

"The  Proceedings  of  the  Royal  Society:"  from  the  Society. 
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"The  London  University  Calendar:"  from  the  University. 
"  The  Journal  of  the  Franklin  Institute  :"  from  the  Institute. 
"  The  American  Journal  of  Science  and  Art:"  from  the  Editors. 

Dr.  B.  "Winstone,  7,  Ely  Place;  and 

Dr.  George  Harley,  University  College,  v/ere  elected  Fellows 
of  the  Society  ;  and 

Dr.  Frederick  Dupre,  53,  Burton  Crescent,  was  elected  an 
Associate  of  the  Society. 

A  Discourse  was  delivered,  entitled  "  A  Report  on  recent 
Patents  connected  Math  the  Beduction  and  Purification  of  Iron, 
and  its  Conversion  into  Steel:"  by  F.  A.  Abel,  Esq.,  Director  of 
the  Chemical  Establishment  of  the  War  Department. 


March  16,  1857. 
Dr.  Miller,  President,  in  the  Chair. 

The  following  donations  were  announced  : — 

Dr.  Miller's  "Elements  of  Chemistry,  Part  3  (Organic  Che- 
mistry) :"  from  the  author. 

"  The  Journal  of  the  Franklin  Institute :"  from  the  Institute. 
"  The  Journal  of  the  Society  of  Arts :"  from  the  Society. 

William  J.  Dent,  Esq.,  was  elected  a  Fellow  of  the  Society; 
and 

John  Spiller,  Esq.,  and  Edwin  O.  Brown,  Esq.,  were  elected 
Associates  of  the  Society. 

A  paper  was  read: — 

"  On  circumstances  tending  to  disguise  the  presence  of  various 
Acids  and  Bases  in  Chemical  Analysis:"  by  John  Spiller,  Esq. 
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YIL—On  Compounds  obtained  by  the  Action  of  Anhydrous  Sulphuric 
Acid  on  the  Chlorides  of  Hydro ff  en  and  Ethyl. 

By  Egbert  Williamson, 

OF   UNIVEESITY   COLLEGE,  LONDON. 

It  has  been  stated  by  Gerhardt*  that  the  reaction  which  takes 
place  between  pentachloride  of  phosphorus  and  monobasic  acids, 
is  not  the  same  as  the  reaction  between  the  same  body  and  bibasic 
acids.  In  the  first  case,  two  chlorides  are  formed,  viz.,  chloride  of 
hydrogen  and  chloride  of  the  radical  of  the  acid :  thus,  with  acetic 
acid,  the  reaction  is  : 

^'^h}^  +  PCP  =  C^H^OCl  +  HCl  +  POCP  t 

But,  according  to  Gerhardt,  the  reaction  between  pentachloride 
of  phosphorus  and  a  bibasic  acid  consists  of  two  stages.  "When, 
for  example,  one  atom  of  hydrated  succinic  acid  is  treated  with  one 
atom  of  the  perchloride,  the  products  are  anhydrous  succinic  acid, 
hydrochloric  acid,  and  oxy chloride  of  phosphorus;  but  when 
anhydrous  succinic  acid  is  treated  with  an  additional  atom  of 
perchloride,  chloride  of  succinyl  and  oxychloride  of  phosphorus 
are  obtained. 

1°.  C^H<02.0,H20    +  PCr,CP  =  C^H^Ol  O    +  2HC1  +  POCP 
2°.  C^H^OIO  +   PCP,CP  =  C^H^O^.CP  +  POCP^' 

*  Compt.  Rend.  XXXYI,  1052. 

t  The  atomic  weights  used  in  this  paper  are  those  proposed  by  Gerhardt,  viz. 

C  =  12,  S  =  32 ;  0  =  16 ; 

H 
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Similarly,  Gerhardt  describes  the  action  of  pentachloride  of 
phosphorus  on  hydrated  sulphuric  acid,  or  ou  a  sulphate,  as  consist- 
ing, _ijrst,  in  the  formation  of  anhydrous  sulphuric  acid  (together 
with  hydrochloric  acid  and  oxy chloride  of  phosphorus.)  Secondly, 
in  the  transformation  of  this  anhydrous  sulphuric  acid,  by  another 
atom  of  pentachloride,  into  chlorosulpliuric  acid. 

This  supposed  difference  in  the  belia\iour  of  monobasic  and 
bibasic  acids  with  perchloride  of  phosphorus,  is  connected  by 
Gerhardt  with  the  fact,  that  the  atom  of  a  monobasic  acid  does 
not  contain  the  quantity  of  hydrogen  requisite  for  the  formation  of 
water,  while  the  atom  of  a  bibasic  acid  contains  the  elemeots  of 
its  anhydride  wiih.  the  elements  of  one  atom  of  water;  and  he 
supposes  that  it  is  on  this  atom  of  water  only  that  the  chloride  of 
phosphorus  first  acts. 

This  account  of  the  action  of  pentachloride  of  phosphorus  on 
the  bibasic  acids  has  been  shown  by  Dr.  "Williamson*  to  be  inac- 
curate in  the  case  of  sulphuric  acid.  With  this  acid,  the  reaction 
does  indeed  take  place  b}-  two  stages,  but  the  second  is  an  exact 
repetition  of  the  first,  and  each  is  exactly  the  same  as  the  one  stage  of 
the  reaction  between  chloride  of  phosphorus  and  a  monobasic  acid. 
For  the  sake  of  comparison,  the  reactions  may  be  written  side  by 
side. 


Sulphuric  acid  and  chlor.  phosphorus.  Acetic  acid  and  chlor.  phosphorus. 

'CP  =  C^H^OC 
+  HCl  +POCP 


HO    ,    „^i,  _  e^.Cl         ^  ^^O  +  PCP  =  C^H^OCl, 


1°)  SO^JJg  +  PCP  =  SO^^'q 
-h  HCl  +  POCP 


2°)     SO^^Q  +  PCP   =  S02^} 

+  HCl  +  POCP   ' 

In  each  case,  the  chauge  which  the  hydrated  acid  undergoes, 
may  be  stated,  empirically,  to  be  the  replacement  of  an  atom  of 
biuoxide  of  hydrogen  by  an  atom  of  chlorine.  And  it  is  evident 
from  the  above  equations,  that  this  replacement  can  take  place 
twice  in  a  bibasic  acid,  but  only  once  in  a  monobasic  acid.  The 
result  of  the  replacement  of  one  atom  of  biuoxide  of  hydrogen  in 

*  Proc.  Roy.  Soc,  vii.  11. 
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hydrated  sulphuric  acid  by  chloriue,  is  the  compound  SO-^CIH, 
which  is  strictly  intermediate  between  the  hydrated  acid  and 
Regnault's  chlorosulphuric  acid  fSOTP).  The  capability  of 
forming  such  a  compound,  intermediate  between  the  hydrated  acid 
and  the  chloride  of  the  acid  radical,  seems  to  be  a  general  character 
distinguishing  bibasic  from  monobasic  acids. 

It  is  evident  that  between  a  hydrated  tribasic  acid  (PO^H^)and 
its  chloride,  (POCP)  two  intermediate  compounds  may  exist 
(PO^HTl  and  PO^HCP).  As  examples  of  bodies  similarly  con- 
stituted to  Dr.  Williamson^s  chlorohydrated  sulphuric  acid, 
(SO^HCl),  there  may  be  mentioned  Chiozza's  chlorobenzoic  acid 
(C'H'CIO-)*  and  the  substance  which  D  umas  obtained  by  the  reac- 
tion of  chlorocarbonic  acid  on  alcohol.  This  body  is  to  chlorocar- 
bonic  acid  and  hydrated  carbonic  acid,  what  chlorohydrated  sulphuric 
acid  is  to  chlorosulphuric  acid  and  hydrated  sulphuric  acid,  but 
contains  an  atom  of  ethyl  in  place  of  an  atom  of  hydrogen.  Its 
formation  is  represented  by  : 

^'^Ho   +   COCP  =  HCl  +  C0\  C^H-^Cl. 

Chlorohydrated  sulphuric  acid  is  formed,  not  only  by  the 
action  of  perchloride  of  phosphorus  on  hydrated  sulphuric  acid 
but  by  the  action  of  chloride  of  sulphur  and  chlorine  on  sulphuric 
acid,  by  the  action  of  chlorine  on  sulphurous  acid  in  presence 
of  moisture,  in  contact  with  platinum  black  at  a  red  heat,  and 
by  the  combination  of  hydrochloric  acid  with  anhj^drous  sulphuric 
acid. 

The  present  paper  contains  an  analysis  of  chlorohydrated 
sulphuric  acid  obtained  by  the  last  process,  and  also  an  account  of 
compounds  similarly  obtained  from  the  chlorides  of  ethvl  and 
methyl  and  anhydroiis  sulphuric  acid. 

Chlorohydrated  Sulphuric  Acid,  SO^CIH. — This  substance  was 
prepared  by  saturating  anhydrous  sulphuric  acid  with  hydrochloric 
acid  which  had  been  dried  by  anhydrous  phosphoric  acid.  The 
compound  so  formed  agreed  in  all  its  properties  with  the  chloro- 

*  This  substance  has  been  found  by  Mr.  Lockwood,  of  this  laboratory,  to  gire 
salicylate  of  potash,  and  not  chlorobenzoate  of  potash,  when  boiled  Arith  alcoholie 
potash.     It  is,  therefore,  chlorohydrated  salicylic  acid  : 

C'H'^O^   +    CI  -   HO   =   C'HSCIO- 
Salicvlic  ac.  Chlorohydrate  of  Salicylic  ac. 

H    2 
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hydrated  acid  described  by  Dr.  Williamson^  as  obtained  from 
pentachloride  of  phosphorus  and  hydi*ated  sulphuric  acid. 

The  composition  of  chlorohydrated  sulphuric  acid  was  deter- 
mined by  decomposing  a  portion  of  it  with  water,  and  estimating 
the  sulphuric  and  hydrochloric  acids  formed.  This  was  done  by 
neutralising  the  aqueous  solution  with  baryta-water,  and,  after 
filtration  from  the  sulphate  of  baryta,  precipitating  the  hydro- 
chloric acid  as  chloride  of  silver.  Two  experiments  of  this  kind 
gave  "7487  grm.  sulphate  of  baryta  to  '4353  grm.  chloride  of  silver, 
and  -6887  grm.  Ba^SO*  to  -4189  Ag  CI.  These  results  correspond 
with  the  percentages : 


I. 

II. 

Cal.  (SO^HCl.) 

SO^   . 

.  69-87  . 

.  68-93  . 

.  68-67 

HCl  . 

.  30-13  . 

.  31-08  . 

.  31-33 

The  process  by  which  I  obtained  chlorohydrated  sulphuric  acid 
is  similar  to  that  by  which  Roset  obtained  compounds  of  anhydrous 
sulphuric  acid  with  the  chlorides  of  ammonium,  potassium,  and 
sodium.  Chlorohydrated  sulphuric  acid  is,  in  fact,  the  acid  of 
Avhich  Rosens  compounds  are  the  ammonium,  potassium,  and 
sodium  salts;  and  is  probably  identical  with  the  compound  which 
Rose  obtained:}:  by  the  action  of  anhydrous  sulphuric  acid  (or 
better,  of  Nordhausen  acid)  on  chloride  of  sulphur. 

CMorosulphate  of  Ethyl  SO^C^H^CL— This  substance  was 
obtained  by  the  direct  combination  of  chloride  of  ethyl  with 
anhydrous  sulphuric  acid.  Its  composition  Avas  determined  by 
finding  the  Aveight  of  the  product  obtained  by  combining  a  kuowm 
weight  of  SO^  with  chloride  of  ethyl. 

The  experiment  was  conducted  in  the   following  manner.     A 

*  In  the  notice  of  chlorohydrated  sulphuric  acid  published  by  Professor  William- 
son, that  substance  is  described  as  distilling  without  alteration  at  145''C. ;  but  I  am 
informed  by  him  that  he  afterwards  found  that  by  long  boiling  it  is  partially  decom- 
posed ;  so  that  if  a  portion  of  chlorohydrated  acid  which  has  been  distilled  upwards  for 
some  time  is  distilled  with  a  thermometer,  chlorosulphuric  acid  distils  first,  then 
unaltered  chlorohydrated,  and,  lastly,  hydrated  sulphuric  acid.  If  the  middle  part  of 
the  distillate  is  again  submitted  to  the  same  treatment,  a  fresh  portion  of  chloro- 
sulphuric and  hydrated  sulphuric  acids  may  be  obtained.  By  repeating  this  process, 
a  given  quantity  of  chlorohydrated  sulphuric  acid  may  be  resolved  almost  completely 
into  chloro-sulphuric  and  hydrated  sulphuric  acids.  The  decomposition  which  takes 
place  is  : 

2  S0'«HC1  =  SO^H-  +  SO^Cl-. 

+  Pogg.  Ann.  XXXYIII.  117. 

:;:  Pogg.  Ann.  XLIV.  291,  and  XLVI.  177. 
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bottle  containing  anhydrous  sulphuric  acid  was  provided  with  a 
perforated  stopper,  to  which  was  fused  a  horizontal  glass  tube 
about  2  feet  in  length,  and  ^  in.  in  diameter.  This  tube  was 
drawn  out  before  the  blow-pipe  at  intervals  along  its  whole  length 
so  as  to  form  a  series  of  narrow  bulbs  from  2  to  3  incheslong, 
connected  by  pieces  of  almost  capillary  tubing.  This  series  of 
bulbs  being  connected  with  the  bottle  of  anhydrous  acid  by  the 
perforated  stopper,  the  bottle  was  warmed,  and  the  acid  condensed 
in  the  further  bulb  by  cooling  it  in  a  mixture  of  ice  and  salt. 
The  freezing  mixture  was  moved  from  one  biilb  to  the  next,  going 
towards  the  acid  bottle  as  each  one  became  full  of  the  acid. 
When  all  were  filled,  the  two  ends  of  the  tube  were  fused,  and  the 
bulbs  separated  fi'om  one  another. 

One  of  these  bulbs  of  acid  was  weighed,  and  sealed  up  in  a 
glass  tube  with  chloride  of  ethyl.  The  bulb  was  broken  by  shak- 
ing the  tube,  and  when  the  acid  was  dissolved,  the  excess  of 
chloride  of  ethyl  was  distilled  off  at  about  15^C.  When  the  product 
ceased  to  lose  weight,  the  weight  of  the  tube  in  which  it  was 
contained  was  ascertained,  and  also  that  of  the  bulb  which  had 
held  the  sulphuric  acid.  In  this  way  the  following  results  were 
obtained  : 

I.  weight  of  compound  7"586G 

II 7-4757 

III 7-3776 

Anhydrous  acid  used  4-1424  grammes. 

Found  Calc. 


'    I. 

II. 

III.^ 

SO3          54-601, 

55*41, 

56-14 

55-36 

C2H5CI    45-399, 

44-59, 

43-86 

44-63 

From  these  weighings  it  would  appear  that,  at  the  first,  a  little 
chloride  of  ethyl  remained  with  the  sulphuric  acid  compound, 
and,  in  the  last,  some  of  the  chloro-ethylated  sulphuric  acid  had 
distilled  over. 

The  pure  compound  is  a  colourless  oily  liquid,  heavier  than 
water,  at  the  bottom  of  which  it  will  lie  for  weeks  without 
thoroughly  decomposing.  Sulphuric  and  hydrochloric  acids  may, 
however,  be  detected  immediately  after  its  immersion,  and,  on 
neutralising  the  liquid  with  baryta,  a  soluble  salt  is  formed,  which 
I  believe  to  be  sulphovinate  of  baryta. 
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The  compound  has  a  peculiar,  sharp,  pungent  smell.  When 
dry  ammonia  is  passed  into  it,  part  of  it  is  precipitated  as  a  white 
solid  body,  and,  if  water  is  now  added,  it  emits  a  nutty  odour ;  the 
solution  forms  a  soluble  barium-salt. 

A  similar  compound  is  formed  with  chloride  of  methyl,  but 
could  not  be  satisfactorily  examined,  on  account  of  the  difficulty  of 
condensing  the  chloride. 

I  hive  since  formed  a  body  smelling  exactly  like  the  ethyl- 
compound  by  adding  absolute  alcohol  to  chloro-sulphuric  acid. 
The  action  is  probably  as  follows  : 

SO^  ^}-f  ^'^  O  =80^  ^j^'^  +  HCl 

I  have  also  tried  the  action  of  chloride  of  otliyl,  C2H3OCI,  on 
anhydrous  sulphuric  acid.  It  dissolves  the  acid  very  rapidly,  with 
evolution  of  heat,  and  forms  a  colourless  compound,  which  after- 
wards turns  yellow  and  then  red,  even  while  sealed  up.  It  is 
rapidly  decomposed  on  opening  the  tube ;  and  from  this  cause  I 
was  precluded  from  determining  its  composition. 

When  dropped  into  water,  it  sinks  to  the  bottom  and  gradually 
dissolves,  forming  an  acid  liquid.  This  liquid  forms  with  baiyta  a 
soluble  salt,  which  yields  a  gelatinous  precipitate  on  the  addition 
of  an  alkali. 


VIII. — On  a  Compound  obtained  by  the  Action  of  Fuming  Sul- 
phuric Acid  on  Chloride  of  Phenyl. 

By  L.  H  u  t  c  h  I  n  g  s, 

OF    UNIVEKSITY   COLLEGE,    LONDON. 

By  the  action  of  fuming  sulphuric  acid  on  benzin  (hydride  of 
phenyl),  Mitschcrlich^  obtained  sulphobenzidic  acid,  C°H''SO^ 
The  substance  described  in  the  present  paper  was  obtained  in  a 
similar  manner  from  chloride  of  phenyl. 

The  chloride  of  phenyl  employed  Avas  prepared  from  hydrate 
of  phenyl  and  pcntachloride  of  phosphorus,  as  described  by 
Mr.  Scrugham.f 

*  Pogg.  Ami.  XXXI.  283. 
t  Chcni.  Sof.  Qu.  J.  vii.  238. 
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When  fuming  sulphuric  acid  and  chloride  of  [)heuyl  are  brought 
in  contact  at  the  common  temperature,  they  gradually  combine ; 
and,  on  treating  the  resulting  liquid  ^ith  excess  of  milk  of  lime, 
a  soluble  lime  salt  is  obtained,  m  hich  crystallises,  on  evaporation, 
in  flat  tabular  crystals. 

0'.259  grm.  of  this  lime  salt  gave  0"06  grm.  carbonate  of  lime, 
containing  0-024  grm.  calcium  =  9"26  per  cent. 

0'2744  grm.  of  this  lime-salt  gave  0"3044  grm.  sulphate  of 
bai'yta,  containing  0*042  sulphur  =  15 '22  per  cent. 

These  quantities  agree  with  the  formula  CH^Cl  Ca  SO'  * 

Calc.  Found. 

6  C      .     .     .     720  3403 

4  H  .  .  .  40                          1-92 

CI  .  .  .  35-5  16-78 

Ca  .  .  .  20-0  9-46                   9-26 

8  .  .  .  32-0  15-13                 15-22 

3  O  .  .  .  48-0  22-68 


C^H^Ca  CI  0S3         211-5  100-00 

The  acid  may  be  regarded  as  a   compound  of  anhydrous  sul- 
phuric acid  with  chloride  of  phenyl. 


IX. — Notes  on  Alum  in  Bread  and  its  Detection. 
By   Edward   Ash    Hadow, 

DEMONSTRATOR   OF   CHEIIISTKY   IN   KING's   COLLEGE,    LONDON. 

There  are  two  methods  recommended  in  chemical  works,  with  a 
view  to  the  detection  of  alum  in  bread,  to  both  of  which  there 
appear  at  first  sight  to  be  theoretical  objections,  rendering  it 
difficult  to  understand  how  they  could  answer  the  purpose  for 
which  they  were  proposed.  One  method,  that  of  ^Messrs.  Robin e 
and  Parisot,  depends  on  the  extraction  of  the  alum  from  the  bread 
by  digestion  in  cold  water,  and  then  testing  the  clear  filtrate  for 
sulphuric  acid  and  alumina,  with  chloride  of  barium  and  ammonia 
respectively.  This  method  seems  open  to  the  objections  that  the 
detection  of  sulphuric  acid  would  not  prove  much,  since  it  might 
have  been  derived  from  the  common  salt  employed  in  making  the 
bread  ;  and  the  non-precipitation  of  alumina  -would  not  make  its 

•  C  =  12  ;  S    =  32;  0  =  16. 


104  HADOW 

absence  certain,  since  it  might  be  retained  in  solution  by  organic 
matters  extracted  from  the  bread.  The  second  method,  that 
recommended  by  Kuhlman,  consists  in  incinerating  the  bread, 
digesting  the  ash  in  nitric  acid,  and  after  filtration,  testing  the 
filtrate  for  alumina  with  potash ;  here  again  it  seems  questionable 
whether  the  alumina  would  be  found  capable  of  solution  in  nitric 
acid  after  the  prolonged  incineration  of  the  bread. 

With  a  view  to  settle  these  points,  20  grains  of  alum  were 
given  to  a  baker  to  be  introduced  into  a  lib.  loaf  of  bread,  which 
being  in  the  proportion  of  80  grains  to  the  quartern  loaf,  is  pro- 
bably above  the  average  amount  employed ;  the  loaf  thus  prepared 
was  broken  up  and  macerated  in  successive  portions  of  water  for 
48  hours.  The  expressed  liquids  mixed,  became  perfectly  clear  by 
filtration  through  coarse  paper.  The  filtered  liquid  was  very  feebly 
acid  to  litmus  paper,  rendering  it  by  long  immersion  purple  rather 
than  red.  One  portion  tested  with  chloride  of  barium,  the  other 
with  ammonia,  gave  moderate  precipitates.  The  great  bulk  of 
the  liquid  was  evaporated  to  dryness,  and  ignited  to  get  rid  of  a 
quantity  of  gummy  organic  matter.  The  residue,  which  fused 
readily,  owing  to  the  common  salt  present,  dissolved  for  the  most 
part  in  water,  and  wholly  on  the  addition  of  a  little  nitric  acid. 
Potash  (pui'e  and  free  from  alumina)  gave  on  addition  an  abundant 
precipitate  insoluble  in  excess,  and  the  filtrate  remained  perfectly 
transparent  on  addition  of  excess  of  chloride  of  ammonium,  proving 
thus  the  total  absence  of  alumina.  The  inorganic  matters  extracted 
by  water  were  further  examined,  and  found,  in  addition  to  common 
salt  and  sulphate  of  potash,  to  contain  alkaline  phosphates  existing 
in  the  fused  ash,  at  first  as  pyrophosphates,  together  with  phos- 
phate of  lime,  and  a  large  quantity  of  phosphate  of  magnesia, 
which  fully  accounts  for  the  precipitate  obtained  by  ammonia  in 
infusion  of  bread. 

The  glutinous  mass  of  the  bread  left  undissolved  by  water,  was 
then  incinerated  completely,  when  the  ash  was  found  to  be  wholly 
soluble  in  dilute  nitric  acid.  Potash  was  then  added  in  excess, 
and  the  whole  was  filtered  on  testing  the  solution  with  chloride  of 
ammonium;  alumina  was  found  in  abundance;  the  portion  of  the 
ash  insoluble  in  potash  was  chiefly  phosphate  of  iron  and  manga- 
nese with  a  little  phosphate  of  lime.  Thus,  it  appears,  that  on 
treating  alumed  bread  with  water,  no  alumina  is  extracted  even 
when  alum  is  present  in  so  large  a  proportion,  so  far  from  it,  that 
the  aqueous  infusion  of  this  bread  produced  an  immediate  precipi- 
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tate  with  a  solution  of  alum,  becoraiug  abundant  on  gently  warming 
the  mixture,  and  rendering  it  impossible  that  alum  should  exist  in 
the  solution,  so  that  this  process  of  maceration  in  water  only,  is 
entirely  fallacious,  and  any  sample  of  bread  thus  examined  will  give 
a  precipitate  with  ammonia ;  but  this  precipitate  consists  only  of 
phosphate  of  lime  and  phosphate  of  magnesia  and  ammonia,  the 
extraction  of  which  by  water  only,  appears  somewhat  remarkable, 
the  acidity  of  the  liquid  being  insufficient  to  account  for  their  solu- 
tion. The  removal  of  these  phosphates  by  water  appears  to  be 
neaily  complete,  while  the  retention  of  alumina  and  phosphates 
of  iron  and  manganese  is  no  less  entire. 

The  quantity  of  alkaline  phosphates  present  in  the  ash,  renders 
it  highly  probable  that  the  alumina  is  retained  as  phosphate,  which 
would  sufficiently  account  for  its  ready  solubility  in  nitric  acid, 
after  strong  ignition;  at  any  rate  Kuhlman's  method  of  extraction 
by  nitric  acid  from  the  ash  answers  perfectly,  the  only  objection 
being  the  length  of  time  required  for  complete  incineration  of  the 
bread,  to  obviate  which,  it  may,  after  charring  in  a  capsule  of 
platinum,  be  deflagrated  with  nitrate  of  potash,  a  process  which  can 
be  effected  over  a  spirit  lamp.  On  digesting  the  mass  in  water, 
the  alumina  is  almost  wholly  found  in  solution  in  the  carbonate  of 
potash  thus  produced. 

Nitrate  of  cobalt  is  of  no  use  as  a  means  of  detecting  alumina 
in  the  ash.  since  the  phosphates  present  are  capable  of  giving  the 
same  reaction  with  this  reagent  before  the  blowpipe. 

Since  alumina  is  thus  obstinately  retained  by  bread,  it  seemed 
probable  that  its  mordant  properties  might  serve  for  its  summary- 
detection.  With  this  view,  a  proportion  of  pure  bread  was  immersed, 
simultaneously  with  a  piece  known  to  contain  alum,  in  a  freshly 
prepared  and  dilute  decoction  of  logwood,  and  set  aside  for  some 
hours,  when  a  distinct  difference  between  the  two  pieces  was  per- 
ceptible both  in  intensity  and  in  shade  of  colour,  which  was  more 
evident  on  breaking  the  two  pieces.  The  pure  bread  was  simply 
stained  superficially  with  the  pale  orange-red  colour  of  the  decoc- 
tion, while  the  alumed  piece  had  acquired  a  purple  dye,  which  had 
penetrated  to  some  depth.  A  baker,  in  whose  bread  alum  had 
been  detected,  acknowledged  the  fact  when  accused  of  it,  but  stated 
that  he  only  used  loz.  for  a  bushel  of  flour,  or  loz.  to  about 
19  quartern  loaves,  which  amounts  to  about  b'7  grains  of  alum 
per  lib.  of  bread.  Dr.  Normandy  also  states  that  no  effect  is 
produced  in  improving  the  appearance  of  the  bread,  if  the  quan- 
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tity  of  alum  be  reduced  below  1  in  906  of  flour,  or  below  loz.  per 
bushel ;  hence  this  may  be  taken  as  the  minimum  probably  in  which 
this  ingredient  would  be  added.  A  loaf  was  therefore  prepared  with 
this  proportion  of  alum,  and  was  found  to  give  a  perfectly  satis- 
factory reaction  with  the  decoction  of  logwood,  a  piece  of  pure 
bread  having  been  immersed  at  the  same  time  by  way  of  com- 
parison. 

Sulphate  of  zinc  was  on  one  occasion  detected  in  bread  by 
Professor  Bloxam,  when  he  was  led  to  suspect  it,  from  observing 
that  the  ash  had  a  yellow  colour  while  hot,  which  disappeared  on 
cooling.  It  is  probable  that  with  bread  of  pure  wheat-flour,  this 
phenomenon  woidd  not  be  observed,  iu  consequence  of  the  trans- 
formation of  the  sulphate  into  phosphate  of  zinc,  by  the  alkaline 
phosphates  present,  there  being  no  excess  of  alkali  present  to  pre- 
vent such  a  combinatiou.  On  one  or  two  occasions,  however,  I  have 
observed  a  strongly  alkaline  reaction  of  the  ash,  due  in  all  proba- 
bility to  the  addition  of  potatoes ;  in  such  a  case  only  would  such 
a  phenomenon  probably  be  observed. 

Having  on  one  or  two  occasions  detected  small  quantities  of 
copper  in  brown  bread,  and  finding  it  left  in  the  bread  after  diges- 
tion of  the  latter  in  water,  I  wished  to  try  whether  sulphate  of 
copper  was  in  the  same  predicament  as  alum,  and  if  so,  whether 
feri'ocvanide  of  potassium  was  capable  of  detecting  its  presence,  as 
it  is  stated  to  do,  by  merely  moistening  the  bread  with  its  solution. 
A  loaf  was,  therefore,  prepared  with  the  addition  of  this  salt,  in 
proportion  of  10  grains  to  the  lb.;  it  was  macerated  in  successive 
portions  of  water,  in  which  very  little  copper  was  found  to  be 
dissolved,  yet  the  residue  from  which  all  soluble  matters  had  been 
extracted  acquired  a  decided  reddish  tint  when  treated  with  ferro- 
cyanide  of  potassium,  which  was  found  to  produce  a  more  marked 
eftect  than  ammonia  or  hydrosulphate  of  ammonia.  Bread  thus 
adulterated,  becomes  equally  with  alumed  bread,  strongly  dyed  by 
an  infusion  of  logwood,  so  that  this  test,  though  alone  incapable  of 
distinguishing  between  the  two,  would  at  least  indicate  that  some- 
thing was  wrong.  In  applying  this  test,  the  solution  should  be 
freshlv  prepared,  and  diluted  considerably ;  the  pieces  of  bread 
should  likewise  be  allowed  to  float  in  the  liquid  for  about  12  hours, 
the  effect  being  more  marked  than  when  they  are  entirely  immersed 
so  as  to  exclude  the  air.  It  is  possible  that  unfermented  bread 
might  occasionally  give  a  fallacious  indication,  if  the  carbonate  of 
soda  used  were  not   wholly  neutralized  by  the  hydrochloric  acid. 
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added  for  the  purpose,  by  the  baker ;  as,  however,  the  alkali  would 
pass  into  the  solution,  it  seems  probable  that  the  latter  would 
likewise  be  simultaneously  affected,  and  the  alkaline  reaction  of 
the  bread  would  explain  the  phenomenon.  The  only  unfermented 
bread  thus  examined  became  unmistakeably  dyed ;  the  bread, 
however,  had  a  feebly  acid  reaction,  and  was  found  to  contain 
abundance  of  alum. 

Before  concluding,  it  may  be  well  to  remark,  that  it  is  difficult 
to  judge  of  the  quantity  of  alumina  present,  merely  by  observing 
its  bulk  and  appearance  on  precipitation,  since  its  appearance 
varies  much  with  its  mode  of  precipitation.  It  probably  appears 
most  abundant  wheil  precipitated  from  its  solution  in  potash  by 
careful  neutralization  of  the  latter  with  a  diluted  acid,  or  by  the 
addition  of  chloride  of  ammonium  and  gentle  warming ;  if  however, 
the  latter  be  boiled,  or  the  precipitation  be  effected  by  addition  of 
ammonia  to  its  acid  solution,  the  alumina  is  far  more  transparent, 
and  in  a  hasty  examination  might  even  be  overlooked,  when  present 
in  small  quantity.  The  decoction  of  logwood  should  also  be  made 
with  w^ater  containing  carbonate  of  lime,  such  as  that  ordinarily 
supplied  in  London ;  for  with  a  decoction  of  logwood  in  distilled 
water  the  differences  of  colour  are  far  less  marked. 


X. —  On  the  Valuation  of  Nitrt. 
By  F.  a.  Abel,  and  C.  L.  Bloxam. 

In  accordance  with  a  promise  made  by  the  authors  at  the  conclu- 
sion of  a  former  paper  upon  this  subject,*  they  beg  to  lay  before 
the  society  the  results  of  the  application  of  theii'  modification  of 
the  method  of  Gay-Lussac,  for  determining  the  value  of  speci- 
mens of  the  commercial  salt. 

It  M'ill  be  remembered  that  the  modification  alluded  to,  consisted 
in  the  substitution  of  resin  for  charcoal  in  the  conversion  of  the 
nitre  into  carbonate  of  potassa,  and  in  the  subsequent  treatment  of 
the  fused  mass  with  chlorate  of  potassa  in  order  to  oxidise  the 
cyanate  of  potassa,  and  to  obviate  the  error  arising  from  the 
reduction  of  the  sulphates. 

The  following  results  were  obtained  in  53  consecutive  experiments 
conducted  in  this  manner. 

Mean  of  53  experiments  upon  pure  nitre ;  99-7  per  cent. 
*  Chem.  Soc.  Qu.  J.,  ix.  97. 
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Of  these  results,  25  exhibited  a  slight  deficiency  in  the  amount 
of  nitre  indicated  by  the  standard  acid ; 

Mean  of  these  25  experiments    .     .     98'7  per  cent. 
Mean  of  the  remainder      ....  100*7        ,, 

Moreover^  a  difference,  amounting  to  03  or  0*5  per  cent,  was 
observed  in  the  results,  according  as  the  strength  of  the  acid 
employed  had  been  determined  by  means  of  pure  nitre,  or  of  its 
equivalent  of  carbonate  of  soda,  proving  that  the  process  was  not 
yet  theoretically  correct,  or  the  results  would  have  coincided  in  the 
two  cases. 

The  alteration  of  the  quantity  of  resin  and  of  the  temperature 
employed  to  effect  the  deflagration,  Avas  not  found  to  improve  the 
results. 

On  examining  the  mass  obtained  by  the  deflagration,  the  carbon 
was  usually  found  collected  into  large  flocks,  and,  therefore,  une- 
qually disseminated ;  and  on  examining  the  residues  in  such  cases, 
traces  of  undecomposed  nitre  were  frequently  detected. 

In  the  course  of  subsequent  experiments,  it  was  noticed  that  the 
decomposition  of  the  nitre  appeared  to  be  mure  complete  when  the 
carbon  was  added  in  the  form  of  the  pure,  ignited,  finely  divided 
graphite  prepared  by  the  recently  patented  process  of  Mr.  Brodie. 

Attention  may  be  called  to  the  circumstance  that  no  cyanate  of 
potassa  was  to  be  found  in  the  deflagrated  mass  when  the  graphite 
had  been  used,  while  it  may  be  remembered  that  considerable 
quantities  of  this  salt  were  formed  when  other  varieties  of  carbo- 
naceous matter,  which  contained  hydrogen,  were  employed,  ren- 
dering it  probable  that  the  ammonia  which  was  always  evolved  in 
such  cases,  is  the  proximate  cause  of  the  formation  of  cyanogen. 
The  use  of  chlorate  of  potassa,  however,  is  still  necessary  in  the 
examination  of  samples  of  nitre  containing  sulphates. 

Twenty  grains  of  pure  nitre  were  mixed  with  5  grains  of  ignited 
graphite  and  80  grains  of  salt ;  after  deflagration,  the  amount  of 
carbonate  of  potassa  formed  was  determined  as  usual. 

Considerable  influence  was  exerted  upon  the  success  of  the 
process,  by  the  degree  of  heat  employed  in  conducting  the  defla- 
gration ;  if  the  platinum  crucible  be  heated  to  moderate  redness  in 
a  muffle,  from  8  to  10  minutes  will  suffice  to  complete  the  decom- 
position of  the  nitre,  a  result  which  may  also  be  attained,  when  a 
gauze  burner  is  used,  by  prolonging  the  application  of  heat  for 
20  minutes,  and  covering  the  crucible  with  a  jacket.  If  too  high 
a  temperature  be  applied  in  the  mufile,  the  results  always  exhibit 
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a  deficiency ;  tlie  heat  should  not  be  sufficient  to  volatilise  the 
common  salt  to  any  considerable  extent. 

Six  experiments  made  with  the  above  proportions  gave,  as  a 
mean  result,  99*98  per  cent,  of  nitre. 

Eleven  experiments  upon  a  mixture  containing  95  nitre,  2-5 
common  salt,  and  2'5  sidphate  of  potassa,  gave  a  mean  of  94*88 
per  cent,  of  nitre. 

In  treating  the  fused  mass  with  chlorate  of  potassa,  the  crucible 
•was  removed  from  the  muffle,  the  chlorate  sprinkled  over  the 
surface,  and  heat  applied  by  means  of  an  argand  burner  as  long  as 
any  effervescence  was  observed.  The  fused  mass  was  then  thrown 
upon  a  filter  (having  been  loosened  by  pouring  a  little  water  into 
the  crucible),  and  washed  with  hot  water  till  the  washings  were  no 
longer  alkaline. 

In  the  course  of  the  experiments  upon  pure  nitre,  a  fresh  sample 
of  graphite  happened  to  be  employed,  and  the  results  then  fell  some- 
what short  of  the  theoretical  numbers ;  on  enquiry,  this  was  found 
to  be  due  to  the  presence  of  sulphide  of  iron  in  the  specimen  of 
graphite ;  after  this  had  been  removed  by  treatment  with  hydro- 
chloric acid,  correct  results  were  again  obtained. 

The  subjoined  table  exhibits  the  results  of  a  number  of  deter- 
minations of  the  value  of  commercial  saltpetre  by  the  graphite 
process,  the  amount  of  nitre  thus  indicated  being  compared  with 
that  indirectly  obtained  by  determining  the  various  impurities  in 
the  sample.  The  greater  number  of  these  analyses  were  performed 
by  Messrs.  Dent  and  Brown. 

Saltpetre  employed  for  each  determination  20  grains. 


^0. 

Nitre  obtained 

No. 

Nitre  obtained 

Directly. 

Indirectly. 

Directly. 

Indirectly. 

1 

94*85 

94*81 

14 

98*45 

98-33 

2 

98-25 

98*31 

15 

98-65 

98*60 

3 

98*45 

98*10 

16 

96-05 

96*00 

4 

95*85 

95*79 

17 

94*00 

93*91 

5 

98*10 

97.96 

18 

98.75 

98*43 

6 

96.70 

96*88 

19 

99*50 

99.72 

7 

96*90 

96-73 

20 

99*35 

99-49 

8 

95*25 

95*03 

21 

94*85 

94*66 

9 

95*05 

95-24 

22 

95-35 

95*27 

10 

97*10 

97*41 

23 

96-05 

96*18 

11 

99*15 

99*21 

24 

95*00 

95-05 

12 

93.80 

94*09 

25 

97*10 

97-32 

13 

95*35 

95-43 

26 

97*10 

96-90 
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XI. — On   some  remarkable   Circumstances   tending  to  disguise  the 
Presence  of  various  Acids  and  Bases  in  Chemical  Analysis. 

By  John    SpilleBj 

ASSISTANT   IX   THE   CHEMICAL   ESTABLISHMENT   OF   THE   WAR   DEPARTMENT. 

On  commencing  a  series  of  analyses  of  iron  ores,  under  the  direc- 
tion of  Mr.  Abel,  I  had  occasion  to  make  a  number  of  experiments 
in  the  endeavour  to  obtain  a  more  perfect  and  rapid  method  than 
those  hitherto  employed,  of  separating  phosphoric  acid  from 
alumina. 

In  the  course  of  this  investigation,  I  was  incidentally  led  to 
bring  together,  in  the  same  solution,  alum,  citric  acid,  phosphate 
of  soda,  and  ammonia,  the  citric  acid  being  added  in  order  to 
retain  in  solution  the  alumina  and  phosphate  of  alumina.  On 
attempting  to  precipitate  the  phosphoric  acid  as  phosphate  of 
baryta,  I  was  astonished  to  find  that  no  precipitate  was  produced, 
and  on  considering  that  there  was  present  in  the  solution,  not 
only  phosphoric  acid,  but  also  sulphuric  acid  from  the  sulphate  of 
alumina,  I  was  naturally  led  to  inquire  further  into  the  cause  of 
sulphuric  acid  and  baryta  existing  together  in  the  same  solution. 

Since  it  was  e^ddent  that  this  extraordinary  result  could  only  be 
due  to  the  presence  of  citric  acid,  a  series  of  experiments  were 
instituted,  in  order  to  determine  the  influence  which  citric  acid 
exerts  on  the  formation  of  precipitates  in  chemical  analysis,  the 
results  of  which  I  will  now  proceed  to  describe. 

In  order  to  ascertain  the  conditioi^s  under  which  the  precipita- 
tion of  sulphate  of  baryta  may  be  prevented  by  citric  acid  and  the 
citrates,  sulphate  of  soda  was  taken  as  the  source  of  sulphuric 
acid,  and  nitrate  of  baryta  as  a  convenient  salt  of  that  base. 

To  a  mixed  solution  of  sulphate  and  citrate  of  soda  a  small 
quantity  of  nitrate  of  baryta  was  added;  the  result  was,  the 
formation  of  a  bulky  white  precipitate  of  citrate  of  baryta,  which 
immediately  redissolved  to  a  clear  solution  on  agitation.  On 
continuing  the  addition  of  successive  portions  of  nitrate  of  baryta, 
a  point  was  at  last  arrived  at,  when  a  permanent  precipitate  of 
sulphate  of  baryta  made  its  appearance. 

In  the  next  experiment,  the  object  was  to  ascertain  the  extent 
to  which  citrate  of  soda  will  prevent  the  precipitation  of  sulphate 
of  baryta,  and,  for  this  purpose,  weighed  quantities  of  each  of  the 
substances  were  employed. 
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To  a  known  quantity  of  citrate  of  soda,  sulphate  of  soda  was 
gradually  added,  until,  on  testing  a  portion  of  the  mixture,  the 
sulphuric  acid  was  immediately  indicated  by  a  drop  of  solution  of 
nitrate  of  baryta ;  and  it  was  found  that  this  point  was  attained 
when  the  equivalents  of  citric  acid  to  sulphuric  acid  were  in  the 
relation  of  1  :  3. 

In  order  to  confirm  this  result,  equal  weights  of  carbonate  of 
soda  were  saturated,  the  one  with  sulphuric  acid,  the  other  with 
citric  acid ;  on  mixing  these  the  salts  in  solution  consisted  of 

3(NaO,S03)  -h  3NaO,Ci. 

In  such  a  solution,  nitrate  of  baryta  gave  no  permanent  precipitate, 
but  on  increasing  the  proportion  of  the  sulphate  of  soda,  the 
sulphuric  acid  was  immediately  rendered  apparent. 

With  a  view  to  determine  whether  citric  acid  exercises  a  similar 
protective  action  over  baryta,  as  it  does  over  sulphuric  acid,  the 
experiment  was  reversed,  and  the  citrate  of  soda  added  to  the  salt 
of  baryta.  To  a  known  quantity  of  citrate  of  soda,  nitrate  of 
baryta  was  added,  until  a  permanent  precipitate  of  citrate  of 
baryta  was  formed ;  the  solution  at  this  stage  containing 

2(3NaO,Ci)  +  3BaO,Ci. 

On  adding  a  little  sulphate  of  soda,  an  immediate  precipitate  of 
sulphate  of  baryta  was  produced. 

In  connexion  with  this  experiment,  it  may  be  stated,  that  the 
solution  of  the  double  citrate  of  baryta  and  soda  deposited  nearly 
the  whole  of  the  citrate  of  baryta  on  standing. 

It  would  appear,  therefore,  that  the  protective  action  is  on  the 
side  of  the  acid  rather  than  that  of  the  base. 

The  conditions  under  which  the  precipitate  of  sulphate  of  baryta 
is  produced,  in  a  solution  made  according  to  the  first  experiment, 
are  the  following : — by  boiling,  when  sulphate  of  baryta  is  imme- 
diately precipitated;  by  the  addition  of  an  excess  of  nitrate  of 
baryta ;  by  the  addition  of  hydrochloric,  acetic,  tartaric,  or  oxalic 
acid.  The  sulphate  of  baryta,  when  precipitated  from  solution  by 
either  of  these  agents,  is  in  a  peculiar  flocculent  condition,  totally 
dissimilar  in  appearance  from  that  obtained  under  ordinary  cir- 
cumstances ;  so  finely  divided  is  it,  that  it  readily  passes  through 
a  filter  of  Swedish  paper.  Prolonged  boiling,  with  or  without 
hydrochloric  acid,  has  little  effect  in  changing  its  physical  cha- 
racter. 
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Citric  acid  itself  has  uo  effect  iu  preventing  the  precipitation  of 
sulphuric  acid  by  a  salt  of  baryta ;  and  this  is  probably  the  reason 
why  the  addition  of  acids  to  a  solution  containing  a  neutral  citrate 
is  immediately  followed  by  a  precipitation  of  sulphate  of  baryta. 

These  results  having  been  obtained  by  the  use  of  a  baryta  salt, 
it  became  interesting  to  know  whether  the  sulphates  of  strontia 
and  lead  were,  in  like  manner,  prevented  from  precipitation  by 
citrate  of  soda. 

To  a  mLxtiu'c  of  sulphate  and  citrate  of  soda,  nitrate  of  strontia 
was  added,  when  no  indication  of  sulphuric  acid  was  observed, 
the  salt  of  strontia  behaving  in  a  precisely  similar  manner  to  that 
of  baryta  under  the  same  circumstances. 

Nitrate  of  lead  substituted  for  the  baryta  or  strontia  in  these 
experiments  gave  the  same  result,  no  sulphate  of  lead  being  pro- 
duced. But  sulphate  of  lead  differs  from  the  sulphates  of  baryta 
and  strontia,  in  being  soluble,  after  precipitation,  in  citrate  of 
soda. 

My  attention  was  next  directed  to  the  power  which  the  citrates 
possess  in  influencing  the  general  reactions  which  characterize 
the  acids  and  bases  in  the  ordinary  course  of  chemical  analysis. 

Baryta. — Of  the  compounds  of  baryta  there  is  not  one  that  is 
precipitated  when  the  acid  is  previously  combined  with  citrate  of 
soda,  whether  the  reaction  of  the  solution  be  acid  or  alkaline.  The 
salts  of  this  base,  which  have  been  made  the  subject  of  experiment, 
are,  besides  the  sulphate,  the  phosphate,  carbonate,  borate,  oxalate, 
tartrate,  citrate,  and  fluoride.  With  the  exception  of  the  sulphate, 
all  these  compounds,  after  precipitation,  are  again  dissolved  in 
neutral  citrate  of  soda. 

Strontia. — The  acids  which  were  tried  in  connexion  with  this 
base  were  sulphuric,  phosphoric,  and  carbonic,  all  of  which  com- 
pounds were  retained  in  solution. 

Lime. — Of  the  lime  salts,  the  carbonate,  phosphate,  and  oxalate 
were  found  to  follow  the  general  rule,  both  vrith  respect  to  pre- 
vention of  precipitation,  and  in  being  redissolved  in  citrate  of  soda 
if  once  produced. 

The  fact  of  oxalate  and  phosphate  of  lime  being  soluble  in 
citrate  of  soda,  suggests  the  possibility  of  this  salt  being  employed 
with  advantage  in  diseases  arising  from  the  formation  of  these 
descriptions  of  calculi. 

As  lime  is  the  reagent  generally  recommended  for  the  detection 
of  citric  acid,  it  is  important  to  bear  in  mind  that  the  citrate  of 
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lime  will  not  be  thrown  down  on  boiling,  unless  the  chloride  of 
calcium  be  added  in  sufficient  quantity  to  decompose  the  greater 
portion  of  the  alkaline  citrate,  since  the  double  citrate  of  lime  and 
soda  does  not  give  any  precipitate  on  boiling. 

Magnesia. — The  salts  of  this  base  appear  to  be  less  aflFected  by 
the  presence  of  citrate  of  soda,  hydrate  of  magnesia  and  the 
ammonio-phosphate  of  magnesia  being  precipitated  as  usual.  The 
phosphate  and  carbonate  are,  however,  held  in  solution. 

The  next  group,  consisting  of  the  sesquioxides  of  iron,  chromium, 
and  aluminium,  are  not  precipitated  by  their  usual  group-test — 
ammonia.  The  phosphates  of  these  oxides  are  also  retained  in 
solution  by  citrate  of  soda. 

Chromium,  in  the  state  of  chromic  acid,  is  not  detected  by  lead, 
silver,  bismuth,  or  baryta.  The  chromate  of  lead  does  not  even 
appear  on  the  addition  of  acetic  acid. 

Sesquioxide  of  Iron. — A  solution  of  sesquichloride  of  iron  is  not 
precipitated  by  ferrocyanide  of  potassium,  benzoate,  or  succinate 
of  ammonia ;  nor  is  the  coloured  reaction  produced  with  acetate 
of  potassa,  ferricyanide,  or  sulphocj^anide  of  potassium.  The  re- 
action between  sesquichloride  of  iron  and  ferrocyanide  of  potassium 
is  curiously  modified.  On  mixing  these  two  solutions  in  the 
presence  of  an  alkaline  citrate,  a  yellow  solution  is  formed,  which 
becomes  deep  blue  in  colour  on  largely  increasing  the  amount  of 
ferrocyanide  of  potassium ;  no  precipitate  of  Prussian  blue  is  pro- 
duced until  hydi'ochloric  acid  in  excess  is  added. 

From  the  fact  that  a  salt  of  iron  does  not  precipitate  benzoic 
and  succinic  acids  in  presence  of  a  citrate,  the  detection  of  these 
acids  becomes  exceedingly  difficult,  as  we  are  not  able  to  avail 
ourselves  of  any  of  the  methods  previously  adopted  for  the 
decomposition  of  the  citrate. 

The  group  comprehending  the  protoxides  of  iron,  manganese, 
nickel,  cobalt,  and  zinc,  are  variously  affected  by  their  group-test 
— sulphide  of  ammonium.  The  sulphides  of  nickel,  cobalt,  and 
zinc  are  precipitated  as  usual;  sulphide  of  iron  incompletely;  and 
sulphide  of  manganese  not  at  all. 

Protoxide  of  Iron. — Neither  potassa  nor  ammonia  will  precipi- 
tate this  base  in  the  presence  of  citric  acid.  The  alkaline  product 
so  obtained  gives,  with  sulphide  of  ammonium,  if  dilute,  a  dark 
olive-green  solution,  but  if  more  concentrated,  an  immediate  pre- 
cipitate, with  a  supernatant  liquid  of  that  colour.  The  sulphide 
of  iron  comes  down,  however,  on  boiling,  or  on  standing  for  a 


114  8PILLER,    ON   THE    INFLUENCE    OF 

sufficient  length  of  time  in  the  cold.  The  protophosphate  of  iron 
is  held  in  solution,  and  the  reaction  between  ferricyanide  of 
potassium  and  a  protosalt  of  iron  is  entirely  masked. 

Oxide  of  Manganese. — The  most  striking  result  observed  under 
this  head  relates  to  the  behaviour  of  the  sulphide.  The  flesh- 
coloured  precipitate  usually  obtained  on  adding  sulphide  of  am- 
monium to  a  salt  of  manganese,  does  not  appear  under  these 
circumstances,  and  the  sulphide,  after  precipitation,  is  freely 
soluble  in  an  alkaline  citrate.  If  citrate  of  ammonia  be  the 
solvent  employed,  vapour  of  sulphide  of  ammonium  is  evolved  on 
boiling.  The  protoxide  of  manganese  is  not  precipitated  by 
potassa,  nor  the  carbonate  by  carbonate  of  soda,  in  presence  of  a 
soluble  citrate.  On  exposure  to  air,  the  brown  binoxide  of  man- 
ganese separates  from  the  former  only  of  these  solutions. 

Oxide  of  Nickel. — A  salt  of  nickel  gives,  with  sulphide  of 
ammonium,  the  ordinary  black  precipitate  of  sulphide  of  nickel; 
but  the  other  reagents^  as  potassa,  carbonate  of  soda,  and  ferro- 
cyanide  of  potassium,  fail  to  give  their  usual  indications. 

Oxide  of  Cobalt. — Solutions  of  this  metal  behave  in  a  similar 
manner  to  those  of  nickel,  with  the  several  reagents  just  men- 
tioned. The  alkaline  solution  of  protoxide  of  cobalt  in  potassa 
deposits  the  sesquioxide  on  exposure  to  air. 

Oxide  of  Tiinc. — This  oxide  resembles  magnesia,  in  being  pre- 
cipitated by  potassa  in  the  presence  of  a  citrate.  The  carbonate 
of  zinc  is  retained  in  solution,  Ijut  the  sulphide  and  ferrocyanide 
are  not  influenced. 

Sesquioxide  of  Uranium. — The  phosphate  and  ferrocyanide  of 
uranium  are  not  precipitated  in  the  presence  of  citrate  of  soda. 

The  metals  of  the  sulphuretted  hydrogen  group  are,  with  the 
exception  of  arsenic,  precipitated  as  usual  by  their  group-test. 
Several  of  their  principal  reactions  are  completely  disguised,  as 
will  appear  on  describing  these  metals  individually. 

Oxide  of  Lead. — Besides  the  oxide  itself,  the  sulphate,  phosphate, 
carbonate,  and  oxalate,  the  bromide,  iodide,  cyanide,  and  ferro- 
cj'anide  are  all  retained  in  solution  on  the  addition  of  their  respec- 
tive precipitants.  The  only  compound  of  lead,  of  those  experi- 
mented upon,  which  made  its  appearance  as  under  the  usual 
circumstances,  was  the  sulphide.  The  chromate  has  been  already 
referred  to  as  having  its  characters  completely  masked. 

Oxide  of  Silver. — Inasmuch  as  the  nitrate  of  silver  is  frequently 
employed  for  the  detection  and  discrimination  of  several  acids, 
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both  organic  and  inorganic,  it  was  thought  advisable  to  make  a 
careful  study  of  the  more  important  compounds  of  this  metal,  and 
to  trace  their  connexion  Avith  the  ordinary  process  of  analysis. 

Nitrate  of  silver,  if  added  in  small  quantity  to  a  solution  of 
neutral  citrate  of  soda,  gives  rise  to  a  precipitate,  which,  on 
agitation,  is  completely  redissolved,  but  on  continuing  the  addition 
of  the  nitrate  of  silver,  a  permanent  precipitate  is  at  last  produced. 
As  this  final  eflect  can  only  result  in  the  destruction  of  the  citrate 
of  soda,  and  the  removal  of  the  citric  acid  as  an  insoluble  silver- 
compound,  it  follows  that  no  interfering  influence  need  be  antici- 
pated in  the  ordinary  course  of  testing  for  acids. 

Among  the  compounds  of  silver,  insoluble  under  ordinary  circum- 
stances, but  which  are  held  in  solution  through  the  medium  of 
citrate  of  soda,  are  the  carbonate,  phosphate,  oxalate,  tartrate, 
and  citrate.  On  the  contrary,  the  sulphide,  chloride,  bromide, 
iodide,  ferrocyanide,  and  sulphocyanide  are  precipitated  as  usual. 
The  cyanide  of  silver  is  slightly  soluble  in  this  reagent,  so  that  in 
its  presence,  very  dilute  hydrocyanic  acid  is  not  precipitated  by 
nitrate  of  silver.  Oxide  of  silver  resembles  magnesia  and  oxide 
of  zinc  in  beirtg  thrown  down  by  potassa  under  all  circumstances. 

Suboxide  of  Mercury. — By  adding  potassa  to  a  salt  of  this  base, 
in  the  presence  of  citric  acid,  the  suboxide  of  mercury  is  resolved 
into  protoxide,  which  remains  in  solution,  and  metallic  mercury, 
precipitated  in  the  form  of  minute  grey  globules.  The  chloride 
bromide,  and  iodide,  corresponding  to  the  suboxide,  are  precipi- 
tated in  the  usual  manner. 

Protoocide  of  Mercury. — The  sulphide  and  iodide  are  not  sensibly 
influenced  in  their  precipitation;  the  latter  is  very  sparingly 
soluble  in  citrate  of  soda,  so  that,  in  a  highly  dilute  solution,  the 
scarlet  iodide  does  not  make  its  appearance.  The  oxide  and 
carbonate  are  retained  in  solution,  and  if  to  either  of  these  alkaline 
liquids,  ammonia,  or  one  of  its  salts,  be  added,  the  white  precipitate 
(chloride  and  amide  of  mercury)  is  immediately  thrown  down. 
The  fact  that  oxide  of  mercury  is  not  precipitated  by  carbonate 
of  soda  in  the  presence  of  certain  salts,  and  that,  on  the  addition 
of  any  compound  of  ammonia,  an  immediate  precipitate  is  pro- 
duced, is  not  new.  A  solution  of  protochloride  of  mercury, 
chloride  of  sodium,  and  carbonate  of  soda  has  long  since  been 
employed  by  Mr.  E.  O.  Brown,  as  a  test  for  ammonia;  and  so 
delicate  is  this  test,  that  the  slightest  trace  of  ammonia  is  indicated 
by  an  opalescence  throughout  the  liquid. 

I  2 
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Teroxide  of  Bismuth. — Neitlier  this  oxide  nor  the  carbonate  is 
precipitated  if  citric  acid  be  present,  nor  is  the  terchloride  of 
bismuth  decomposed  by  water.  The  sulphide  is,  however,  not 
appreciably  affected. 

Oxide  of  Copper. — This  oxide  and  the  carbonate  are  both 
retained  in  solution ;  the  sulphide  and  ferrocyanide  are  precipitated 
in  the  usual  manner. 

Oxide  of  Cadmium. — The  carbonate  and  oxide  of  4;his  metal  are 
also  retained  in  solution,  but  not  so  the  sulphide,  which  is  com- 
pletely precipitated. 

Protoxide  and  Bino.vide  of  Tin. — Both  these  oxides  may  be 
retained  in  alkaline  solution  on  the  addition  of  ammonia.  The 
sulphides  of  tin  are  completely  precipitated  as  under  the  ordinary 
circumstances. 

Teroxide  of  Antimony. — The  addition  of  citric  acid  prevents  the 
precipitation  by  water  of  the  terchloride  of  antimony,  but  does 
not  interfere  with  the  separation  of  this  metal  by  sulphuretted 
hydrogen. 

A^itimonic  Acid. — The  precipitation  of  the  pentasulphide  of 
antimony  does  not  appear  to  be  so  complete  as  in  the  case  of  the 
tersulphide  ;  the  separation  of  the  last  portion  was  attended  with 
difficulty  in  some  of  my  experiments. 

Arsenious  and  Arsenic  Acids. — The  characteristic  reactions  of 
arsenic  are  modified  in  a  remarkable  manner.  A  solution  of 
arsenious  acid,  to  which  citric  acid  or  a  neutral  citrate  has  been 
added,  is  no  longer  precipitated  by  sulphuretted  hydrogen  in  the 
cold  or  on  boiling.  The  tersalphide  of  arsenic  is  also  readily 
soluble  in  citric  acid  or  a  citrate.  Hydrochloric  acid  added  to 
either  of  these  solutions,  at  once  separates  the  whole  of  the 
arsenic. 

The  pentasulphide  imitates  the  deportment  of  the  tersulphide 
under  the  circumstances  recorded  above. 

The  arsenites  of  silver,  copper,  lime,  and  baryta,  and  the 
arseniates  of  lead,  silver,  and  baryta,  are  entirely  kept  in  solution. 

From  a  consideration  of  the  circumstances  under  which  the 
sulphides  of  arsenic  may  be  preserved  in  a  soluble  form,  while  the 
same  compounds  of  tin  and  antimony  are  completely  precipitated, 
I  have  been  induced  to  attempt  the  analytical  sepai-ation  of  these 
metals  by  such  a  process.  My  experiments  have  not  yet  been 
sufficiently  numerous  to  enable  me  at  the  present  time  to  point 
out  the  conditions  under  which  their  perfect   separation  may  be 
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accomplished,  but  I  have  every  reason  to  believe  that  a  quantita- 
tive method  may  be  based  upon  this  principle. 

Teroxide  of  Gold. — The  precipitation  of  the  sulphide  of  gold 
takes  place  as  under  ordinary  circumstances,  but  the  reaction  with 
protochloride  of  tin  is  modified  to  the  extent  of  the  production  of 
a  dingy  green  precipitate,  instead  of  the  brilliant  purple  of  Cassius. 
Binoxide  of  Platinum. — The  bisulphide  of  platinum  is  precipi- 
tated on  boiling,  but  not  readily  in  the  cold.  The  double  chloride 
of  platinum  and  ammonium  has  an  increased  tendency  to  assume 
a  crystalline  condition,  perhaps  on  account  of  its  formation  being 
slightly  retarded. 

Finding  citric  acid  to  exert  such  remarkable  solvent  powers  in 
many  of  the  instances  enumerated,  I  extended  the  inquiry  to  a 
few  substances,  where  a  parallel  action  might  have  been  expected. 
With  this  intention,  tartaric  and  racemic  acids,  glycerine,  and  the 
sugai*s  were  selected,  and  their  interfering  action  in  some  few 
cases  determined. 

Tartaric  acid  prevents  the  precipitation  of  a  salt  of  cobalt  by 
potassa,  and,  in  the  form  of  a  neutral  tartrate,  retains  in  solution 
sulphate  of  lead  and  the  sulphide  of  manganese  ;  Prussian  blue  is 
not  formed  in  its  presence ;  and  the  precipitation  of  sulphate  of 
baryta  is  to  a  small  extent  retarded. 

Racemic  acid  also  slightly  retards  the  precipitation  of  sulphate 
of  baryta. 

Glycerine  has,  seemingly,  no  influence  in  preventing  the  preci- 
pitation of  Prussian  blue,  sulphide  of  manganese,  or  sulphate  of 
baryta. 

Under  the  head  of  the  sugars,  the  only  circumstance  met  with 
worthy  of  record,  was  the  power  of  grape-sugar  to  prevent,  in  the 
cold,  the  formation  of  sulphide  of  manganese.  Neither  cane  nor 
milk-sugar  appeared  to  have  any  influence  in  this  direction. 

These  examples  fully  confirm  the  fact  long  known,  that  many 
kinds  of  organic  matter  exert  a  very  considerable  influence  on  the 
formation  of  precipitates  in  analytical  chemistry,  and  suggest  the 
necessity  of  eliminating  all  these  interfering  circumstances  before 
testing  for  the  inorganic  bases.  It  is,  then,  good  policy  to  carry 
out  the  instructions  of  the  analytical  tables,  when,  after  treatment 
of  the  unknown  substance  with  hydrochloric  acid  and  sulphuretted 
hydrogen,  it  is  recommended  to  evaporate  the  filtrate  to  dryness 
and  to  clear  organic  matter,  before  proceeding  to  search  for  metals 
belonging  to  either  of  the  subsequent  groups. 
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Before  concluding  the  account  of  my  experiments  on  the  pro- 
perties of  citric  acid,  I  cannot  refrain  from  mentioning  a  difficulty 
early  experienced  in  the  detection  of  tartaric  acid,  when  mixed 
with  a  large  proportion  of  citric  acid.  So  imperfect  is  the  ordinary 
method  of  proceeding — that  of  employing  a  lime-salt  to  precipitate, 
in  the  cold,  the  tartaric  acid  as  tartrate  of  lime — that  I  think  it 
possible  for  citric  acid  to  be  adulterated  with  as  much  as  10  per  cent, 
of  tartaric  acid,  without  fear  of  detection.  Desiring  to  ascertain 
the  purity  of  the  sample  with  which  I  Avorked,  my  attention  was 
naturally  directed  to  this  point.  By  the-  following  process  we  are 
enabled  to  detect  the  presence  of  tartaric  acid  in  cases  where  the 
old  method  would  not  be  successfully  employed. 

To  a  concentrated  aqueous  solution  of  the  acid  under  examina- 
tion, acetate  of  potassa  is  added,  and  subsequently  strong  alcohol 
to  the  amount  of  an  equal  bulk ;  on  stirring  Avitli  a  glass  rod  the 
crystalline  bitartrate  of  potassa  separates,  time  being  allowed  when 
small  quantities  only  are  suspected.  By  this  means  it  is  possible 
to  detect  a  much  smaller  amount  of  this  impurity  in  citric  acid. 

The  same  mode  of  proceeding  may  be  tui*ned  to  useful  account, 
if  the  relation  between  these  two  acids  be  reversed.  By  first 
separating  the  tartaric  acid  as  above,  and  afterwards  evaporating 
the  alcoholic  filtrate  over  a  water  bath,  the  citric  acid  may  be 
detected  in  the  residue,  by  boiling  with  excess  of  chloride  of 
calcium  in  the  usual  manner. 

For  the  explanation  of  these  curious  phenomena  I  am  not  able 
to  bring  forward  any  hypothesis  with  the  same  degree  of  confidence 
that  I  have  treated  the  facts  themselves.  The  only  possible  way 
that  has  suggested  itself  to  my  mind,  of  accounting  for  the  pro- 
perty possessed  by  citric  acid,  of  retaining  in  solution  substances 
which,  under  ordinary  circumstances,  are  insoluble,  is  to  suppose 
a  neutral  salt  of  citric  acid  to  be  endowed  with  the  power  of  com- 
bining, on  the  one  hand,  with  another  salt,  containing  the  acid  of 
the  compound  whose  formation  is  prevented,  in  such  a  manner  as 
to  produce  a  class  of  double  salts  of  the  general  composition: — 

(SMCCi)  -I-  3(MO,S03), 

in  which  the  term  SO3  is  capable  of  being  replaced  by  CO2,  Cr03, 

BO3,  O,  &c. ;  or,  in  the  case  of  PO5,  a  tribasic  acid,  one  equivalent 

only  will  be  required  to  take  the  place  of  three  equivalents  of  SO3. 

On  the  other  hand  it  must  be  allowed,  that  an  alkaline  citrate 
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has  a  tendency  to  combine  with  the  citrate  of  another  base,  even 
though  this  latter  compound  be  of  itself  but  slightly  soluble  in 
water.  The  affinity  existing  between  the  two  constituents  of  the 
double  citrate,  taken  in  conjunction  with  that  exerted  in  the 
formation  of  the  class  of  double-salts,  just  now  referred  to,  might, 
it  is  suggested,  determine  in  favour  of  the  non-precipitation  of  the 
otherwise  insoluble  body  involved. 

The  ascertained  facts  upon  which  this  hypothesis  has  been  prin- 
cipally constructed,  may  be  shortly  stated  to  consist  in  the  power 
of  one  equivalent  of  citric  acid  to  mask  the  reactions  of  either 
three  equivalents  of  sulphuric  or  carbonic  acid,  or  one  equivalent 
of  the  tribasic  phosphoric  acid ;  while  the  existence  of  a  class  of 
double  citrates,  as  those  of  soda  with  silver,  lime,  and  baryta 
respectively,  has  been  rendered  highly  probable  in  the  course  of 
this  investigation. 

Additional  confirmation  is  also  derived  from  the  circumstance 
that  the  carbonates  of  baryta  and  lead  dissolve  in  a  neutral  citrate 
with  production  of  an  alkaline  liquid,  the  new  metal  remaining  in 
solution  in  the  form  of  a  double  citrate.  And  again,  the  alkaline 
product  of  the  action  of  carbonate  of  soda  on  a  salt  of  manganese, 
in  presence  of  citrate  of  soda,  does  not  deposit  binoxide  of  manga- 
nese on  exposure  to  the  oxidising  influence  of  the  air,  while 
another  solution,  containing  caustic  potassa  in  place  of  the 
carbonate,  is  constantly  absorbing  oxygen  An  analogous  instance 
in  the  case  of  cobalt  need  scarcely  be  quoted.  All  these  reactions 
are  explicable,  in  my  opinion,  on  the  view  advanced ;  the  affinity 
of  carbonic  acid  for  these  several  bases,  though  weak,  is  strength- 
ened by  the  formation  of  a  citrocarbonate. 


XII. — Note  on  Crystallised  Binoxide  oj  Tin. 

By  F.  a.  Abel. 

In  the  bronze  gun  foundery  at  Woolwich,  it  is  customary,  in 
cleaning  out  and  examining  the  furnace  employed  in  preparing  the 
gun-metal,  to  collect  the  small  quantity  of  dross  or  slag  found  on 
the  hearth,  and  to  subject  it  to  fusion  in  o-ne  of  the  crucibles  used 
during  the  day  in  the  preparation  of  small  castings,  in  order  to 


120  ABEL,   ON    CRYSTALLISED    BINOXIDE   OF   TIN. 

recover  the  metal  disseminated  through  the  mass,  by  allowing  it 
to  subside  from  the  liquid  slag. 

Upon  breaking  the  crucible,  to  remove  the  metal  obtained  in 
an  operation  of  this  kind  a  short  time  since,  a  cavity  was  dis- 
covered in  the  slag,  between  it  and  one  portion  of  the  metallic 
surface,  containing  a  number  of  long  brilliant  needles,  which 
appeared  to  possess  a  light  brown  colour.  On  careful  examination, 
under  the  microscope,  they  proved  to  be  striated,  four-sided  pris- 
matic crystals  of  a  colourless  transparent  substance,  enclosing  here 
and  there  small  particles  of  metal. 

The  crystals  were  very  brittle,  and  so  hard  as  to  scratch  glass 
easily-  Some  of  them  were  carefully  selected,  so  as  to  be  qnite 
free  from  slag,  and  submitted  to  chemical  examination.  They 
proved  to  be  perfectly  insoluble  in  acids,  and,  when  fragments  of 
them  were  fused  with  carbonate  of  soda,  they  remained  unaltered 
for  a  considerable  period.  A  few  of  the  crystals  were  finely  pul- 
verised, after  digestion  in  nitrohydrochloric  acid,  and  the  enclosed 
metallic  particles  separated  by  levigation.  The  dense  white  powder 
thus  obtained  was  readily  dissolved  by  fused  carbonate  of  soda, 
and  proved  to  consist  entirely  of  binoxide  of  tin. 

When  submitted  to  the  highest  blowpipe-heat  upon  a  charcoal 
support,  the  crystals  evinced  no  symptom  of  fusion,  until,  after 
some  time,  partial  reduction  of  the  metal  ensued.  Upon  exposing 
the  extremity  of  a  crystal  in  a  platinum  support  for  some  time  to 
the  hottest  portion  of  the  blowpipe-flame,  it  altered  in  form  a 
little,  and,  when  examined  by  a  lens,  w'as  found  to  have  fused 
slightly  to  a  yellowish  transparent  glass. 

These  crystals  of  binoxide  of  tin  were  not  only  found  in  the 
cavity  between  the  metal  and  the  slag,  but  were  distributed  over 
the  entire  upper  surface  of  the  metal,  to  which  they  firmly  adhered. 
The  appearance  of  the  metallic  surface  was  very  pecidiar ;  the 
metal  itself  having  assumed  the  fonn  of  tufts,  which  were  inter- 
laced with  the  crystals  of  binoxide  of  tin.  The  latter  would  seem 
to  have  separated  from  the  gun-metal  in  the  crystalline  form  as 
the  crucible  was  allowed  to  cool. 

The  formation  of  such  crystals  as  those  described  does  not 
appear  to  be  a  matter  of  frequent  occurrence  ;  although  the  ope- 
ration above  alluded  to  (i.  e.,  the  collection  of  the  metal  from  the 
slag)  has  long  been  a  customary  one,  this  is  the  first  instance  in 
which  the  crystals  have'  been  observed  by  those  conducting  this 
operation  at  Woolwich. 
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Two  shell-like  specimens  of  gun-metal,  removed  about  ten  years 
ago  from  some  crevices  above  the  hearth  of  one  of  the  furnaces  in 
the  same  foundery,  after  a  cast,  have  been  preserved  by  the  super- 
intendent, because  the  interior  surfaces  were  found  to  be  covered 
with  crystals,  which  prove  to  be  similar,  though  of  inferior  size,  to 
those  above  described. 

These  crystals  of  binoxide  of  tin  are  quite  similar  to  those 
described  by  M.  Daubrce  as  obtained  by  the  action  of  the  vapour 
of  water  upon  bichloride  of  tin,  at  a  red  heat. 


XIII. — On  a  New  Base'from  the  Juice  of  Flesh. 

By  a.  Strecker. 

LiEBiG,  in  his  classical  investigation  of  the  juice  of  flesh,  did  not, 
as  is  well  known,  make  use  of  any  heavy  metallic  salt  to  precipitate 
the  substances  which  he  discovered  in  that  liquid;  and  it  was  only 
after  he  had  become  acquainted  with  the  properties  of  creatinine, 
which  he  at  first  obtained  by  artificial  means, — that  he  demon- 
strated the  existence  of  that  base  in  flesh-juice  by  precipitation 
with  chloride  of  zinc. 

As  the  juice  of  flesh,  in  addition  to  the  principles  discovered 
and  examined  by  Liebig,  contains  a  considerable  number  of  bodies 
hitherto  undetermined,  which  bodies  remain  in  the  form  of  a  thick 
magma,  when  the  mother-liquor  of  creatinine  is  evaporated,  I 
endeavoured  to  isolate  some  of  these  constituents  by  precipitation 
with  diff'erent  metallic  salts,  e.  g.,  mercm*ic  chloride,  mercuric 
nitrate,  ammonio-chloride  of  zinc,  and  acetate  of  copper.  All 
these  salts  produced  a  considerable  precipitate,  containing,  as  an 
essential  constituent,  a  well  characterised  organic  base,  which  I 
will  provisionally  distinguish  by  the  name  Sarcine. 

The  most  advantageous  method  of  preparing  this  base  is  by 
precipitation  with  acetate  of  copper.  The  mother-liquor  of  the 
creatine-crystals  was  diluted,  and  mixed  with  a  dilute  solution  of 
acetate  of  copper ;  a  copious  precipitate  was  then  produced,  which, 
when  decomposed  by  sulphuretted  hydrogen,  yielded  a  substance 
soluble  in  water  but  still  coloured.  On  boiluig  the  solution  of 
this  substance  with  hydrated  oxide  of  lead,  the  colouring  matter 
was  precipitated,  together  with  a  small   quantity  of  sarcine ;  the 
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greater  part  of  that  substance,  however,  remained  in  solution,  and 
after  the  lead  had  been  precipitated  by  sulphixretted  hydrogen, 
was  obtained  in  the  crystalline  form  by  evaporating  the  liquid. 

From  a  warm  saturated  solution,  sarcine  gradually  separates, 
on  cooling,  in  the  form  of  a  white,  indistinctly  crystalline  powder, 
which  often  covers  the  sides  of  the  containing  vessel  with  a  dense 
coherent  crust.  It  dissolves  in  300  pts.  of  water  at  15°  C.  and  in 
78  pts.  of  boiling  water;  but  requires  900  parts  of  boiling  alcohol 
to  dissolve  it.  The  solutions  do  not  alter  the  colour  of  litmus- 
paper,  and  have  no  very  characteristic  taste.  In  hydrochloric  acid, 
ammonia,  and  potash,  sarcine  dissolves  much  more  readily  than  in 
cold  water ;  dilute  nitric  and  sulphuric  acid  dissolve  it  less  readiiy ; 
concentrated  nitric  and  sulphuric  acid  dissolve  it  abundantly, 
without  colouring  or  evolution  of  gas. 

The  solution  of  sarcine  in  boiling  concentrated  hydrochloric 
acid,  deposits,  on  cooling,  colourless,  nacreous,  tabular  crystals, 
containing  a  considerable  quantity  of  hydi'ochloric  acid.  The 
concentrated  solution  of  these  crystals  mixed  with  bichloride  of 
platinum,  deposits  a  yellow  crystalline  platinum-salt,  which  dissolves 
readily  in  warm  water,  sparingly  in  cold. 

The  solution  of  sarcine  in  concentrated  nitric  acid,  deposits,  on 
standing,  transparent  colourless  crystals  (apparently  rhombic  octo- 
hedi'ons)  of  nitrate  of  sarcine,  which,  when  exposed  to  the  air  or 
moistened  with  water,  become  white  and  opaque,  but  without 
alteration  of  form.  The  solution  of  sarcine  in  concentrated  sul- 
phuric acid  likewise  deposits,  on  standing,  or  on  addition  of  alcohol, 
colourless,  needle-shaped  crystals  of  sulphate  of  sarcine,  which 
crumble  to  a  white  powder  on  addition  of  water. 

Sarcine  is  therefore  a  weak  base,  capable  of  uniting  with  acids 
and  forming  a  platinum  double  salt ;  its  salts  are,  however,  in 
great  part  decomposed  by  water.  When  the  solution  of  hydro- 
chlorate  of  sarcine  is  repeatedly  evaporated  to  dryness  over  the 
water-bath,  a  residue  is  at  length  obtained,  free  from  hydrochloric 
acid.  Sarcine  undergoes  no  alteration  when  treated  with  concen- 
trated acids  at  100° ;  even  when  its  solution  is  mixed  with  aqua 
regia  and  evaporated  over  the  water-bath,  the  residue  consists 
mainly  of  unaltered  sarcine. 

Sarcine,  like  other  weak  bases,  unites  with  metallic  oxides  and 
salts,  not  only  with  the  oxides  of  the  heavy  metals,  but  likewise 
with  the  alkalies  and  alkaline  earths.  Among  all  these  compounds 
the  silver-compound  presents  the  greatest  interest,  because  it  is 
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best  adapted  for  detecting  the  presence  of  sarcine  and  for  preparing 
it  in  the  pure  state. 

An  aqueous  solution  of  sarcine  forras^  with  nitrate  of  silver,  a 
flocculent  precipitate,  which  does  not  dissolve  on  the  addition  of 
dilute  nitric  acid  in  the  cold ;  to  dissolve  it  completely,  the  nitric 
acid  must  be  tolerably  strong  and  at  the  boiling  heat.  As  the 
solution  cools,  the  greater  part  of  the  salt  separates  in  colourless 
scaly  crystals,  so  that  the  filtrate  scarcely  yields  any  precipi- 
tate on  addition  of  hydrochloric  acid.  The  crystals  consist  of  a 
compound  of  sarcine  with  nitrate  of  silver.  A  totally  diflFerent 
compound  is  obtained  by  precipitating  an  ammoniacal  solution  of 
nitrate  of  silver  with  sarcine ;  the  flocculent  precipitate,  which  is 
quite  insoluble  in  water  and  ammonia^  dries  up,  like  alumina,  to  a 
hard  mass,  on  exposure  to  the  air. 

Sarcine  is  precipitated  by  basic  acetate  of  lead,  but  only  on 
boiling ;  also,  by  an  ammoniacal  solution  of  chloride  of  zinc,  by 
cadmium-salts,  by  solution  of  mercuric  oxide,  by  corrosive  subli- 
mate, and  many  other  metallic  salts.  By  alkalies,  on  the  other 
hand,  even  by  baryta,  it  is  dissolved.  From  its  solutions  in  alka- 
lies it  is  for  the  most  part  reprecipitated  by  a  stream  of  carbonic 
acid  gas.  Its  solution  in  baryta-water,  deposits,  on  addition  of 
a  larger  quantity  of  the  baryta-solution,  transparent,  colourless 
crystals  of  sarcine-baryta. 

These  properties  of  sarcine  would  sufficiently  show  it  to  be  a 
base,  even  if  its  basic  character  were  not  decidedly  established  by 
the  existence  of  definite  compounds  with  acids,  and  of  a  platinum 
double  salt.  The  bases  which  it  most  resembles  are  caffeine  and 
guanine  ;  in  composition  it  likewise  exhibits  a  certain  analogy  to 
that  of  these  bodies. 

The  analyses  of  sarcine  and  of  its  compounds  lead  to  the  follow- 
ing formulae : — 

Sarcine C^oH4N^02 

Hydrochlorate  of  sarcine     .     .     .  CioH^N^02,  HCl  +  2Aq 

Chloroplatiuate CioH4N^02,  HCl,  PtCl2 

Sarcine  with  nitrate  of  silver   .     .  CjqH^N^Oj,  AgO,  NO5 

Sarcine  with  oxide  of  silver      .     .  CiQH2Ag2iS'^02  +  2Aq 

Sarcine  with  baryta CioH2Ba2N402  +  -iAq 

Guanine,  C10H5N5O2  differs  from  sarcine  only  by  NH,  and  resem- 
bles it  closely  in  its  combining  relations.  Caffeine  CjgHjgN^O^, 
contains  the  same  number  of  equivalents  of  nitrogen. 
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Sarciue  is  identical  in  composition  with  hypoxanthine,  the  base 
which  Scherer  discovered  in  the  spleen,  and  traces  of  which  he 
has  since  found  in  the  blood.  The  two  bodies  likeAvise  agree  in 
certain  of  their  properties,  so  that  I  might  be  disposed  to  regard 
them  as  identical,  were  it  not  that  Scherer's  compound,  in  respect 
of  its  solubility  in  water,  and  insolubility  in  acids,  differs  from 
sarcine  to  an  extent  which  can  scarcely  be  accounted  for  by  dif- 
ference of  purity  in  the  preparation.  According  to  Scherer's 
statement,  hypoxanthine  dissolves  in  warm  nitric  acid,  with  evolu- 
tion of  gas,  and  yields,  on  cooling,  a  product  of  decomposition ; 
and  the  liquid,  when  evaporated  to  dryness,  leaves  a  yellow  residue, 
which  assumes  a  red  colour  on  addition  of  potash.  Sarcine,  on 
the  other  hand,  dissolves  in  nitric  acid,  without  evolution  of  gas, 
and  the  solution,  when  evaporated  over  the  water-bath,  leaves  a 
colourless  residue,  w^hich  does  not  become  yellow  till  it  is  strongly 
heated  ;  on  addition  of  potash,  this  residue  assumes  a  red  colour. 
This  reaction,  however,  is  exhibited  by  guanine  and  xanthine 
(Marcet's  xanthic  oxide),  as  well  as  by  the  above-mentioned  bodies. 
Xanthine  might,  according  to  its  composition,  CjqH^N^O^,  be 
regarded  as  a  compound  of  ui  ic  acid  with  sarcine : 

Xanthine.  Uric  Acid.  Sarcine. 

but  its  chemical  relations,  as  I  have  found  by  experiment,  do  not 
accord  with  such  a  \iew  of  its  composition.  By  mixing  a  solution 
of  hydrochlorate  of  sarcine  Avith  urate  of  soda,  I  have  prepared 
the  isomeric  compound,  urate  of  sarcine.  This  compound  is 
resolved  into  its  constituents  by  the  action  of  acids,  and  in  that 
respect  is  different  from  xanthine. 

Lastly,  I  have  discovered  in  human  urine  a  body  identical  with 
sarcine,  or  at  all  events  very  closely  resembling  it.  This  body 
forms,  with  nitrate  and  with  oxide  of  silver,  compounds  resembling 
those  formed  by  sarcine :  it  may,  nevertheless,  be  not  sarcine  but 
guanine — a  point  to  be  decided  by  the  analysis  which  I  am  about 
to  undertake. 

I  have  as  yet  used  only  beef  and  horse-flesh  for  the  preparation 
of  sarcine,  and  have  obtained  it  in  about  equal  quantity  from 
both. 
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XIV. —  Report  on  Recent  Patents  connected  with  the  Reduction 
and  Purification  of  Iron,  and  the  Manufacture  of  Steel. 

By  F.  a.  Abel, 

DIRECTOR  OP  THE  CHEMICAL  ESTABLISHMENT   OF  THE   WAR  DEPARTMENT. 

The  progress  made  during  the  last  two  or  three  years  in  the 
manufacture  of  iron,  would  appear,  from  a  cursory  inspection  of 
the  patents  published  within  that  time,  to  relate  principally  to  the 
treatment  of  the  metal,  after  its  elimination  from  the  ore  by  the 
agency  of  the  blast  furnace,  the  process  of  the  reduction  of  iron 
from  its  ores  having  undergone  apparently  no  very  important 
modification  since  the  introduction  of  the  hot  blast. 

Although  the  general  truth  of  this  may  be  admitted,  it  is  well 
known  to  all  who  have  devoted  themselves  to  a  more  minute 
examination  into  the  details  of  iron  manufactui'e,  that  many  of 
those  actually  engaged  in  directing  operations  with  the  blast- 
furnace have,  by  a  careful  study  of  the  relations  between  the  pro- 
duct, the  temperature,  and  blast,  the  proportions  of  the  materials 
employed,  &c.,  succeeded  in  regulating  the  working  of  the  furnace 
to  such  an  extent,  as,  on  the  one  hand,  almost  to  ensure  uniformity 
of  product,  and  on  the  other,  to  raise  very  considerably  the  quantity 
of  iron  yielded  by  the  furnace  in  a  given  time. 

It  is  also  well  known,  though  less  openly  acknowledged,  that 
the  iron-master  has,  within  the  last  few  years,  succeeded  in  manu- 
facturing a  marketable  iron  from  materials  which  in  former  times 
were  either  considered  as  useless,  or  employed  only  in  compara- 
tively small  quantities.  It  is  this  circumstance  which  has  led,  on 
more  than  one  occasion,  to  an  outcry  against  the  hot-blast  pro- 
cess, as  having  placed  within  the  reach  of  the  iron-master  the 
power  of  increasing  the  quantity  of  his  product  from  the  blast- 
furnace, at  the  expense  of  its  quality. 

While,  therefore,  the  efforts  of  the  iron-master  have  raised  the 
manufacture  of  iron  in  Great  Britain  to  a  marvellous  height,  as 
regards  actual  quantity  of  metal  produced,  (the  annual  amount 
of  which  is  shown,  upon  competent  authority,  to  equal  the  sum 
of  that  furnished  by  all  other  iron-making  countries),  they  have 
at  the  same  time  raised  within  the  minds  of  those  who  watched 
these  achievements  with  wonder  and  pride,  the  fear,  that  British 
iron  is  in  danger  of  losing  the  general  reputation  which  it  has 
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possessed  for  high  quality ;  a  fear  in  great  degree  nourished  by 
the  opportunity  afforded  in  1855  for  an  examination  of  the 
excellent  results  of  the  labours  of  foreign  iron  manufacturers. 

Abundant  e\ddence  has,  however,  been  recently  afforded  that 
the  quality  of  iron  is  a  subject  not  likely  to  be  neglected  in 
England ;  it  has  for  some  time  past  occupied  an  unusual  share  of 
general  public  attention ;  it  has  been  made  the  subject  of  ingeni- 
ous contrivance  and  scientific  research ;  and  at  the  present  time 
some  of  ooi*  most  extensive  iron  manufacturers  are  actively 
engaged  in  determining,  by  extensive  trials,  the  merits  of  some  of 
our  more  prominent  schemes  for  its  improvement. 

An  attempt  has  been  made  in  the  present  report,  to  fulfil  the 
desire  of  the  Council  of  the  Chemical  Society,  to  present  its 
Fellows  with  an  outline  of  the  improvements  in  the  various  pro- 
cesses connected  with  the  reduction  and  purification  of  iron,  or 
its  conversion  into  steel,  which  have  been  suggested  or  actually 
carried  out  within  the  last  two  or  three  years.  In  a  report  of  this 
description,  it  is  impossible  to  enter  into  the  consideration  of  im- 
provements in  the  construction  of  furnaces,  or  of  the  appliances 
for  iron  manufacture,  excepting  in  so  far  as  they  are  concerned 
in  carrying  out  effectually  the  chemical  principles  involved  in  the 
various  proposals  which  will  have  to  be  referred  to. 

The  difficulties  necessarily  experienced,  even  with  the  best 
opportunities  at  command,  for  collecting  information,  in  the 
endeavour  to  give  some  account  of  the  actual  improvements 
effected  in  iron-manufactiu'e,  are  very  considerable ;  emanating 
as  they  do,  on  the  one  hand,  from  the  impossibility  of  obtaining 
trustworthy  information  as  to  the  full  extent  to  which  the  numerous 
proposals  made  public  as  patents,  have  met  with  successful  appli- 
cation ;  and  on  the  other,  from  the  circumstance  that  many  of  the 
improvements  in  the  ordinary  method  of  iron  smelting  which 
furnish  beneficial  results  to  the  iron-master  by  whom,  or  in  whose 
establishment,  they  have  been  elaborated,  are  not  published  to  the 
world  through  the  Patent  Ofiice,  or  through  any  other  channel. 
That  this  should  be  the  case  cannot  excite  surprise ;  the  iron 
trade,  like  every  other,  must  have  its  secrets,  jealously  guarded  by 
their  fortunate  owners;  moreover,  it  must  be  remembered  that 
anv  peculiarities  in  the  treatment  of  the  ore  adopted  by  a  parti- 
cular iron-master,  may  have  been  called  forth  by  the  nature  of 
the  materials  at  his  command,  the  locality  in  which  his  works  are 
situated,  or  the  class  of  product  which    he  is  most  desirous  of 
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manufacturing  advantageously.  Or^  possibly,  lie  may  fear  tliat 
the  circumstances  constituting  to  liim  an  important  improvement 
in  the  system  of  iron  smelting,  would,  if  publicly  known,  tend  to 
raise  a  prejudice  against  the  iron  which  he  sends  into  the 
market. 

Men  of  science  and  ingenuity  have,  however,  not  been  wanting 
during  the  last  few  years,  who  have  made  public  and  secured  to 
themselves  the  claim  to  modifications  in  the  present  method  of 
iron  smelting  by  the  blast-furnace,  or  to  new  plans  for  reducing 
the  metal  from  its  ores.  It  is  but  natural  that  some  of  the 
patented  processes  relating  to  iron  smelting  should  not  be  hkely 
to  lead  to  any  beneficial  results,  when  put  to  practical  tests; 
there  are  many,  however,  vrhich  embrace  important  principles, 
and  which  though,  individually,  they  may  not  all  realise  the  san- 
guine expectations  of  their  proprietors,  are  likely,  if  classified 
and  studied  collectively,  to  lead  to  substantial  and  general  im- 
provements in  iron  smelting.  These  remarks  apply,  even  with 
greater  force,  to  the  very  numerous  processes  for  partially  or  com- 
pletely refining  iron  with  economy  and  success,  or  for  the  manu- 
facture of  steel  or  other  varieties  of  iron,  which  have  been 
patented  during  the  last  two  or  three  years.  The  circumstances 
that  the  processes  of  refining,  puddling,  and  balling,  bear  no  pro- 
portion, as  regards  their  rapidity,  or  the  scale  upon  Avhich  they 
can  Ije  conducted,  to  the  process  of  iron  smelting  by  hot  blast,  and 
that,  with  the  greatly  increased  demand  for  wrought  iron,  &c.,  the 
treatment  of  inferior  qualities  of  pig-iron  by  the  refining  processes, 
is  frequently  a  matter  of  necessity,  have  combined  with  numerous 
other  considerations,  not  only  to  set  at  work  the  inventive  facul- 
ties of  ingenious  theorists,  but  to  rivet  the  attention  of  men 
thoroughly  acquainted  with  the  intricacies  and  the  requirements 
of  ii'on  manufacture ;  and  as  the  result  of  this,  it  may  be  fairly 
asserted  that  the  system  of  ii'on  refining  is,  at  the  present  time 
in  a  state  of  transition,  and  that  a  proper  elaboration  of  the  prin- 
ciples involved  in  some  patented  processes,  which  have  of  late 
excited  the  serious  attention  of  several  of  our  most  extensive 
iron  manufacturers,  will  in  all  probability  result  in  most  important 
improvements  in  the  system  adopted  for  the  purification  of  iron. 

It  will  be  difiicult  in  this  report  to  separate  the  considerations 
relating  to  the  reduction  of  iron  from  its  ores,  from  those  which 
have  reference  to  the  purification  of  the  metal,  or  the  production 
of  particular  descriptions  of  iron ;  as  many  of  the  patents  to  which 
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it  may  be  necessary  to  allude  are  connected  with  more  than  one 
branch  of  iron  manufacture,  such,  for  example,  as  those  which 
relate  to  the  application  of  particular  agents,  at  different  stages 
of  the  manufacture,  or  which  propose  methods  for  combining  the 
smelting  and  refining  processes. 

Any  attempt  at  classification  must,  therefore,  rather  have 
reference  to  the  principles  involved  in  the  various  patented 
processes  discussed,  than  to  the  separate  stages  in  the  manufacture 
of  iron. 

The  most  simple  modifications  proposed  of  late  in  connection 
with  the  smelting  process,  relate 

1°.  To  the  construction  of  the  blast-furnace  ; 

2°.  To  the  application  of  the  blast ; 

3°.  To  the  mixture  of  ores,  &c.,  with  a  view  to  ensure  uniformity 
in  the  working  of  the  furnaces ; 

4°.  To  the  preparation  and  state  of  division  of  the  ore,  and  its 
mixture  with  the  fuel  and  flux  ; 

5°.  To  the  description  of  fuel  employed  in  the  blast-furnace. 

6°.  To  the  economisation  of  the  fuel  employed. 

Of  such  modifications,  those  included  under  the  first  four  and 
the  sixth  classes,  which  have  been  made  public  as  patents  within 
the  last  two  or  three  years,  are  scarcely  of  such  a  nature  as  to 
rank  as  improvements  of  high  importance ;  neither  can  it  be  sup- 
posed that  they  fairly  represent  the  general  progress  which  has 
been  made  in  the  details  of  iron  smelting.  It  will,  therefore, 
suffice  to  mention  as  examples  of  these  classes  of  patents  : 

That  Mr.  Charles  Howard  (1854)  proposes  to  cleanse 
thoroughly  and  to  granulate  the  ores,  to  mix  them  in  proper  pro- 
portion with  the  fuel  and  flux  in  a  divided  condition,  and  to  convert 
the  mixture  into  a  suitable  form  for  smelting  by  compression  into 
cakes ; 

Sir  Francis  Knowles  (1852)  and  Mr.  C.  Cowper  (1853) 
have  patented  proposals  for  mixing  rich  ores  with  slags  from  copper- 
works  ;  for  the  use  of  schist,  in  admixture  with  similar  ores ;  and 
for  the  employment  of  other  minerals  with  ores  of  diff'erent  classes, 
in  order  to  ensure  uniformity  of  product  from  the  blast-furnace; 

Mr,  Crane  (1854)  proposes  to  employ  additional  blasts  at 
some  distance  above  those  passing  from  the  usual  tuyeres  into  the 
furnace ; 

Messrs.  Lea  and  Hunt  (1852)  and  Mr.  Prideaux  (1853) 
apply  the  gases,  obtained  in  the  preparation  of  coke  for  the  blast- 
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furnace,  as  a  source  of  heat  in  the  puddUng  and  other  processes, 
and  Mr.  Mickle  (1855)  conducts  the  gases  tlius  collected,  after 
their  admixture  with  the  air  necessary  for  their  combustion,  into 
the  blast-furnace,  in  which  the  smelting  process  has  been  carried 
on  as  usual,  with  coke.  Mr.  Onions  proposes  to  collect  the 
waste  gases  from  boiler  fires  and  other  sources  in  iron  works  for 
the  same  purpose. 

The  proposals  which  relate  to  the  description  of  fuel  to  be 
employed  in  the  smelting  process,  possess  considerable  interest,  as 
they  include  patents  for  the  application  of  peat  in  various  forms, 
and  proposals  for  the  employment  of  gaseous  fuel  for  the  reduction 
and  treatment  of  iron. 

In  Ireland  there  appear  to  exist  immense  deposits  of  clay- 
ironstone,  which  are  not  vrorked,  or  only  to  a  very  small  extent, 
on  account  of  the  scarcity  of  mineral  fuel^  but  Vv^hich  have  been 
worked  in  former  times  in  districts  which  were  then  covered  with 
wood.  Proposals  have  been  heard  of,  from  time  to  time,  and  even 
very  recently,  for  establishing  extensive  smelting  works  in  Ireland, 
in  which  peat-charcoal  was  to  be  employed  as  the  fuel^  and  I 
have  had  occasion  to  examine  some  very  excellent  specimens  of 
pig-iron,  in  the  reduction  of  which  Irish  peat-charcoal  had  been 
employed. 

In  Bohemia,  iron  is  profitably  smelted  with  carbonised  peat, 
and  from  the  statements  which  have  been  publicly  and  privately 
made  by  Mr.  Ommaney,  Mr.  Dewar,  and  others,  it  appears  rea- 
sonable to  expect  that  a  similar  result  may  be  obtained  in  Ireland. 
Two  recent  patents  may  be  referred  to,  in  order  to  point  out  the 
modes  in  which  peat  may  be  expected  to  be  made  available  as  fuel 
for  the  production  of  iron. 

The  one  taken  out  by  Mr.  E.  McCall  of  Limerick  (1855)  relates, 
firstly,  to  the  coustruction  of  a  modification  of  the  blast  furnace 
with  closed  top  and  a  lateral  exit-pipe  for  the  escape  of  the  gases ; 
and  secondly,  to  the  use  (for  smelting,  refining,  and  puddling)  of 
peat,  either  in  its  natural  or  in  a  compressed  state,  or  of  a  mixture 
of  equal  parts  of  peat  and  small  anthracite  coal,  compressed  into 
cakes.  He  also  proposes  to  work  up  the  refuse  turf  or  peat,  by 
forming  it  into  pulp  and  then  moulding  it. 

The  other  patent  to  which  I  refer  applies  to  the  manufacture  of 
iron  with  any  description  of  fuel,  vegetable  or  mineral,  and  appears 
particularly  adapted  to  iron  districts  where  the  attainable  fuel  is 
rich  in  mineral  constituents.     The  patentee.  Dr.  Gurlt  of  Prussia 
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(1856),  proposes  to  effect  the  reduction  and  requisite  carbonisation 
of  the  ore  entirely  by  the  gases  evolved  from  the  fuel,  which  is 
submitted  to  destructive  distillation  in  gas  generators  ioimediately 
attached  to  the  furnace. 

It  is  well  known  that  in  several  of  the  iron  districts  in  Germany, 
the  refining,  puddling,  and  welding  processes  are  accomplished 
without  allowing  the  metal  to  come  into  contact  with  the  solid 
fuel ;  the  coal,  wood,  or  peat  being,  in  the  first  instance,  converted 
into  gases  in  generators,  which  either  form  part  of  the  furnaces, 
or  are  connected  with  them  by  conducting  pipes.  The  so-called 
gas-fui'naces,  which  have  been  planned  by  Thoma,  Eck,  Bischof, 
and  other  experienced  metallurgists,  differ  somewhat  in  their 
construction,  according  to  their  particular  object,  or  the  descrip- 
tioD  of  fuel  with  which  they  are  to  be  worked ;  their  principle 
may,  however,  be  exemplified  by  a  few  words  descriptive  of  Eck's 
gas-refinery  furnace,  which  is  very  simple  of  construction  and  has 
met  with  most  successful  application,  for  some  years  past,  at  the 
Government  iron  works  in  Upper  Silesia,  where  I  had  an  oppor- 
tunity of  inspecting  one  in  operation  a  short  time  ago. 

The  general  construction  of  the  finery  is  that  of  a  reverberatory 
furnace,  the  fireplace  of  which  is  replaced  by  an  oblong  chamber, 
nearly  foui'  feet  wide  and  about  six  feet  high,  and  tapering  slightly 
towards  the  top,  so  as  to  facilitate  the  descent  of  the  fuel,  which 
is  introduced  through  a  lateral  opening  in  the  upper  part  of  this 
retort  or  gas  generator. 

The  air  necessary  for  the  production  of  the  gas  from  the  fuel 
placed  in  this  chamber  is  supplied  by  a  feeble  blast,  and  enters  the 
generator  from  the  two  openings  or  tuyeres  of  a  long  air-chest  of 
iron  plate,  fixed  at  the  back  of  the  chamber,  near  the  bottom. 
The  space  between  the  air-chest  and  the  sole  of  the  chambers 
serves  as  a  receptacle  for  the  slag  and  ash  from  the  fuel.  There  is 
an  opening  below  the  air-chest,  through  which  fire  is  introduced 
into  the  chamber,  when  the  furnace  is  set  at  work,  and  which  is 
then  bricked  up,  until,  at  the  expiration  of  about  fourteen  days, 
it  becomes  necessary  to  let  the  fire  die  out,  when  the  slag  and 
ashes  which  have  accumulated  on  the  sole  of  the  generator  are 
removed  through  this  opening.  When  a  brisk  fire  has  been 
kindled  in  the  generator,  and  the  lower  opening  closed  up,  a 
moderate  supply  of  air  is  admitted  through  the  tuyere  into  the 
chamber,  which  is  filled  with  coal  after  a  sufficient  quantity  has 
become  thoroughly  ignited.     It  is  evident  that  the  fuel   is  in  this 
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way  made  to  furnish  the  maximum  quantity  of  inflammable  gas, 
undergoing  destructive  distillation  as  it  gradually  descends  in  the 
generator^  and  furnishing  carbonic  oxide  as  the  secondary  pro- 
duct of  the  combustion  of  the  coke  or  charcoal  formed.  Ass  the 
gases  rush  towards  the  hearth  of  the  furnace,  they  meet  with 
a  supply  of  air,  passing  fi'om  a  scries  of  tuyeres  which  enter  from 
an  air-chest  into  the  top  of  the  furnace,  just  over  the  fire-bridge, 
at  an  angle  of  30° ;  the  resulting  flame  being  thrown  upon  the 
metal  on  the  hearth,  in  front  of  the  bridge.  Both  air-chests 
communicate  with  an  accumulator,  and  the  supply  of  air  to  the 
tuyeres  admits  of  perfect  regulation  by  means  of  stop-cocks. 
The  pressure  of  air  employed  is  about  4  lbs.  to  the  square  inch. 

When  the  charge  of  iron  on  the  hearth  is  ascertained  to  be 
thoroughly  fused,  a  small  quantity  of  crushed  limestone  is  thrown 
over  its  surface,  and  two  tuyeres  are  then  introduced  into  the 
furnace  at  an  angle  of  25°,  through  an  opening  on  each  side  of 
the  hearth  not  far  from  the  bridge ;  the  width  of  the  nozzle 
employed  depends  upon  the  power  of  the  blast  used.  The  air, 
rushing  from  these  tuyeres,  impinges  with  violence  upon  the  iron, 
and,  the  two  cui-rents  meeting,  an  eddying  motion  is  imparted  to 
the  fused  metal.  In  a  short  time  the  motion  produced  in  the 
mass  is  considerable ;  the  supernatant  slag  is  blown  aside  by  the 
blast,  and  the  sui'face  of  iron  thus  exposed  undergoes  refinement, 
while  it  changes  continually,  the  temperatm-e  of  the  whole  mass 
being  raised  to  a  full  white  heat  by  the  action  of  the  air.  The 
iron  is  also  stirred  occasionally  in  order  to  ensure  a  proper  change 
in  the  metal  exposed  to  the  action  of  the  blast.  A  shovelful  of 
limestone  is  occasionally  thrown  in  (the  total  quantity  used  being 
about  1  per  cent,  of  the  crude  iron  employed).  The  duration  of 
the  treatment  in  this  fui'nace,  after  the  fusion  of  the  metal  with  a 
charge  of  about  40  cwt.,  varies  from  two  and  a  half  to  five  hours, 
according  to  the  product  to  be  obtained. 

When  the  charge  is  to  be  withdrawn  from  the  furnace,  the  side 
tuyere  nearest  the  tap-hole  is  removed,  so  that  the  blast  from  the 
opposite  tuyere  may  force  the  metal  towards  the  hole.  The  fluid 
iron,  as  it  flows  from  the  tap-hole,  is  fully  white  hot  and  perfectly 
limpid;  it  chills,  however,  very  rapidly,  and  soon  solidifies. 

The  loss  of  metal  during  the  treatment  is  said  not  to  exceed 
5  per  cent.  The  extent  to  which  the  iron  is  purified  by  treatment 
in  a  furnace  of  this  description  may  be  discussed  hereafter.  The 
above  brief  description  has  been  given  to  demonstrate  the  sim- 
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plicity  of  the  arrangements,  the  great  facilities  which  they  present 
for  regulating  the  temperature  and  the  oxidizing  effects  of  the 
flame,  and  the  economy  in  fuel  which  must  attend  its  employment 
in  such  a  manner  as  that  described.  It  must  also  be  remembered 
that  the  fluid  metal  is  not  allowed  to  come  in  contact  with  the 
mineral  constituents  of  the  fuel. 

The  arrangements  proposed  by  Dr.  Gurlt  for  the  reduction  of 
iron  by  gaseous  fuel  are  based  upon  those  above  described.  The 
roasted  ore  is  reduced  to  fragments,  presenting  a  certain  uniformity 
of  size,  and  placed  in  a  sloping  cylindrical  shaft  or  cupola,  the 
lower  portion  of  which  communicates  with  two  such  generators  as 
that  just  described.  The  gases,  as  they  pass  from  these  into  the 
furnace,  are  supplied  with  air  just  sufficient  to  kindle  them;  the 
ore  is  raised  to  a  dull  red  heat,  and,  at  that  temperature,  undergoes, 
in  the  first  instance,  reduction,  and  then  the  requisite  carbonisation 
by  cementation.  The  product  gradually  sinks  into  a  cooler  portion 
of  the  furnace  below  the  openings  of  the  generators,  and,  upon 
subsequent  removal,  is  subjected  to  fusion  with  the  necessary  flux, 
in  a  simple  modification  of  Eck's  furnace  provided  with  two  gas- 
generators  and  blast  appliances,  at  the  opposite  ends  of  the  hearth. 
Dr.  Gurlt  considers  that  the  process  of  which  the  above  is  an 
outline  will  furnish  products  of  a  high  degree  of  purity,  whatever 
be  the  description  of  fuel  used,  and  that  the  nature  of  the  iron 
obtained  may  be  regulated  by  the  duration  of  the  process  of 
cementation,  in  the  first  furnace,  and  by  the  subsequent  treatment 
in  the  smelting  furnace.  It  is  scarcely  necessary  to  enumerate  the 
advantages  which  he  claims  for  his  process,  such  as  the  possibility 
of  using  any  kind  of  fuel ;  the  complete  separation  of  the  mineral 
constituents  of  the  fuel  from  the  metal ;  the  more  perfect  carbon- 
ising action  of  gases  upon  the  porous  metallic  mass  obtained ;  the 
possibility  of  arresting  this  process  of  cementation  at  any  point, 
so  as  to  regulate  the  nature  of  the  product ;  the  economisation  of 
fuel;  the  ease  with  which  large  quantities  of  steel  may  be  rapidly 
fused  in  his  smelting  furnace,  &c.  It  is  to  be  hoped  that  these 
most  important  advantages,  the  theoretical  correctness  of  which 
cannot  be  disputed,  may  eventually  be  fully  confirmed  by  practice. 

The  possibility  of  efl'ecting  the  reduction  of  iron  and  its  purifi- 
cation, or  conversion  into  the  particular  description  required,  by 
one  continuous  process,  is  a  problem  Avhich  has  engaged  very 
considerable  attention  of  late;  an  examination,  however,  of  the 
patented  processes  for  attaining  this  object^  does  not  lead  to  the 
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conclusion  that  a  process  has  as  yet  been  elaborated  which 
can  compete  successfully  with  the  present  system.  The  general 
nature  of  the  plans  suggested  may  be  illustrated  by  the  following 
examples  : — 

j\Ir.  Augustus  Bellford  (1854)  proposes  the  treatment  of  a 
mixture  of  ore,  carbon  and  flux,  in  tubulated  vessels,  and  subse- 
quent fusion  of  the  reduced  metal  in  crucibles. 

Mr.  W.  E.  Newton  (1855)  places  in  a  cementing  oven,  alternate 
layers  of  coal  and  ore,  with  flux  if  necessary,  and  maintains  the 
furnace  at  a  white  heat  for  about  48  hours.  The  layers  of  ore 
will  then  be  found  to  have  formed  themselves  into  sheets  by  agglu- 
tination; the  metal  which  these  contain  is  mechanically  separated 
from  dross,  and  fused  or  welded  for  employment  as  spring  steel. 

Mr.  Rogers  (March,  1855)  and  Mr.  Congreve  (April,  1855), 
both  of  Xeu-  York,  have  i-atented  contrivances  almost  exactly 
alike,  for  reducing  and  purifying  iron ;  which  consist  in  placing 
the  mixture  of  ore  and  coal  in  a  revolving  cylinder,  which  is  so 
constructed  internally,  that  the  mixture  is  made  to  travel  slowly 
along  from  end  to  end,  being  exposed  during  that  time  to  the  heat 
requisite  for  the  reduction  of  the  metal.  When  the  powder 
arrives  at  the  further  extremity  of  the  cylinder,  it  falls  through 
a  hopper  on  to  the  hearth  of  a  puddling  furnace  situated  beneath 
the  cylinder. 

Mr.  J.  H.  Johnson  (1853)  effects  the  deoxidation  of  the  ore 
on  successive  tables  placed  one  above  another,  passing  it  gradually 
down  to  the  hotter  tables  until  it  arrives  upon  the  lowest,  whence 
it  falls  into  a  reverberatory  furnace  beneath.  The  ore  on  the 
tables  is  submitted  to  the  action  of  the  gases  from  this  furnace, 
and  is  subjected  to  additional  heat  from  an  auxiliary  stove  or 
furnace. 

Mr.  Mackay  (1853)  has  patented  the  use  of  a  reverberatory 
furnace  with  three  hearths,  and  with  an  arrangement  for  project- 
ing hot  air  on  to  the  hearths.  The  ore  and  carbon  are  subjected, 
in  the  first  instance,  to  the  waste  heat  from  the  furnace,  and  then 
gradually  passed  from  hearth  to  hearth,  until  the  reduced  and 
partially  refined  metal  reaches  the  hearth  nearest  tlie  fire-place, 
where  it  is  submitted  to  the  usual  puddling  process. 

The  arrangements  extensively  adopted  in  various  parts  of  the 
United  States  for  the  manufacture  of  wrought  iron  directly  from 
the  ore,  are  far  more  simple  in  their  nature  than  any  of  the  pro- 
posals above  alluded  to ;  it  must  be  borne  in  mind,  however,  that 
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the  only  ores  which  are  found  to  be  profitably  worked,  and  to 
furnish  products  of  a  proper  quality  in  this  manner,  are  the 
magnetic  and  specular  ores,  and  the  purer  description  of  hcematites. 

INIost  of  the  American  furnaces  employed  for  the  direct  pro- 
duction of  wrought  iron,  are  only  slight  modifications  of  the 
Catalan  forge ;  they  are  worked  with  a  blast  of  the  usual  blast- 
furnace-pressure, and  which  is  frequently  heated  by  the  waste 
heat  from  the  bloomery-fire  (as  these  forges  are  called).  The  fuel 
employed  is  cliarcoal,  and  tlie  method  is  acknowledged  to  be  a 
wasteful  one. 

In  the  various  patented  projects  relating  to  iron-manufacture, 
already  referred  to  in  this  report,  the  points  of  novelty  are  all 
connected  with  the  method  of  effecting  the  reduction  and  purifi- 
cation of  tlie  metal  by  the  usual  agents — fuel  in  the  solid  or 
gaseous  form,  and  air — with  the  addition  of  such  mineral  sub- 
stances as  are  generally  employed  as  fluxes,  when  necessary.  It 
could  scarcely  be  imagined  that  other  well  known  and  powerful 
chemical  agents,  the  efficacy  of  which,  for  efl:ecting  the  purification 
of  iron,  is  predicted  by  theory,  should  escape  trial,  or  even  appli- 
cation, in  that  direction.  Among  such  agents  chlorine  stands 
prominent,  and  the  proposals  for  the  employment  of  that  agent, 
in  one  form  or  another,  have  been  correspondingly  numerous. 

In  1851  Mr.  Grace  Calvert  patented  the  use  of  chlorine, 
chlorides,  hydrochloric  acid,  and  hypochlorites,  in  connexion  with 
iron  smelting  and  the  purification  of  coke.  In  his  patent  he 
proposed  to  bring  chlorine,  as  a  gas  or  a  compound  (chloride  of 
sodium  being  preferred),  in  contact  with  the  ore  when  roasted,  or 
with  the  materials  in  the  blast  furnace ;  the  gas  being  passed  into 
the  furnace  about  ten  feet  from  the  top  of  the  charge,  before 
the  reduction  of  the  metal  takes  place,  or  the  compounds  of 
chlorine  being  thrown  into  the  top  of  the  furnace  with  the  other 
materials.  If  a  compound  were  used,  he  considered  that  its  base 
would  also  exert  a  purifying  action,  tending  to  the  removal  of  the 
sulphur  and  phosphorus  from  the  metal. 

The  idea  of  purifying  or  preparing  the  coke  to  be  employed  for 
iron-smelting  by  chlorine  and  bases,  has  been  acted  upon  with  a 
slight  modification  by  Mr.  Prideaux  (1853),  who,  in  a  patent 
already  alluded  to,  proposes  to  drench  the  glowing  coke  with  lime- 
water,  containing  either  common  salt  or  carbonate  of  soda,  or 
other  similar  salts. 

In  the  production  of  cast  steel,  M.  Fontaine,  of  Paris  (1855), 
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tas  proposed  to  pass  chlorine  or  hydrocliloric  acid  over  the  surface 
of  the  metal,  or  to  treat  it  with  a  mixture  of  a  chloride  or  hypo- 
chlorite of  an  earth  or  alkali,  iron-scale  and  binoxide  of  manganese. 
This  treatment  is  to  be  carried  on,  either  in  pots  or  in  the  puddling 
furnace.  Mr.  Martien,  of  New  Jersey  (1856),  has  very  recently 
taken  out  a  patent  for  the  employment  of  various  materials  for 
the  purification  of  iron,  which  are  to  be  passed  through  the 
liquid  metal ;  and  among  these  chlorine  is  specified.  Mr. 
Tilghman,  of  Philadelphia  (1856),  follows  close  in  the  footsteps 
of  Mr.  Calvert,  by  proposing  to  introduce  powdered  chloride  of 
sodium  together  with  the  blast,  or  by  other  convenient  means, 
into  the  loiver  part  of  the  furnace. 

Various  compositions,  of  which  chloride  of  sodium  or  chlorides 
form  an  essential  constituent,  have  also  been  patented  for  employ- 
ment as  fluxes  in  the  manufactme  of  steel  and  of  malleable  iron. 
Chloride,  of  sodium  appears  also  to  be  very  frequently  used  on  the 
Continent,  in  the  puddling  process,  and  in  the  manufacture  of 
cast  steel.  A  statement  recently  made  by  Mr.  Kenyon  Black- 
well,  in  a  paper  read  before  the  Society  of  Arts,  to  the  effect  that 
chloride  of  sodium  was  much  used  under  those  circumstances  at 
the  Seraing  Works  in  Belgium,  elicited  the  obsen^ation  from  Mr. 
David  Mushet,  that  his  father  had  patented  the  use  of  chloride 
of  sodium  in  the  puddling  process  about  thirty-three  years  ago. 

Binoxide  of  manganese  is  another  agent  included  in  many 
recent  patents  connected  with  the  manufacture  of  iron,  and  very 
frequently  in  association  with  chlorides.  Mr.  Broom  an  (1854) 
has  patented  a  mixture  of  two-thirds  chloride  of  sodium  and  one- 
third  binoxide  of  manganese,  for  purifying  and  softening  steel; 
and,  more  recently  (1856)  another,  for  the  conversion  of  bar-iron 
into  cast  steel,  by  a  single  melting,  and  which  contains  binoxide  of 
manganese,  chlorides  of  sodium  and  ammonium,  and  ferrocyanide 
of  potassium.  Mr.  Leachman  (1853)  adds  a  mixture  of  binoxide 
of  manganese,  chloride  of  sodium,  and  calcined  clay  to  iron, 
during  the  boiling  process.  In  several  patented  processes  for  the 
manufacture  of  steel,  the  addition  of  small  quantities  of  binoxide 
of  manganese  is  also  recommended.  Mr.  J.  Crowley,  of  Shefiield 
(1855),  produces  malleable  cast  iron  from  charcoal  pig-iron,  by 
melting  it  with  a  very  small  proportion  of  scrap-iron,  and  a 
mixture  of  chloride  of  sodium,  binoxide  of  manganese,  carbonate 
of  lime,  and  charcoal. 

Although  the  employment  of  binoxide  of  manganese  in  small 
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quantities,  particularly  iu  the  mauufacture  of  steel,  has  long  been 
a  practice  frequently  resorted  to,  no  very  concordant  opinions 
have  been  pronounced,  by  authorities  on  iron,  as  to  tlie  functions 
actually  exercised  by  that  substance.  It  has  been  fully  demon- 
strated by  analysis,  that  the  quantity  of  combined  carbon  in  iron, 
reduced  from  ores  rich  in  manganese,  is  ahvays  considerable,  and 
that  it  is  so  in  direct  proportion  to  the  amount  of  manganese 
which  has  entered  into  the  constitution  of  the  iron.  It  is  also 
well  known  that  iron  of  sucli  a  description  is  particularly  adapted 
for  the  manufacture  of  natural  steel.  The  Westphalian  and 
Silesian  irons  may  be  quoted  as  examples.  That  the  facility  with 
which  superior  steel  may  be  manufactured  from  mangauiferous 
iron,  is  not  occasioned  by  the  retention  of  a  portion  of  the  man- 
ganese in  the  steel  as  an  important  constituent,  is  proved  by  the 
circumstance,  that  the  existence  of  that  metal  iu  the  steel  is 
demonstrated  by  analysis  to  be  exceptional ;  and  that  steel  (such 
as  the  Styrian)  remarkable  for  its  hardness  and  elasticity,  which 
has  been  obtained  from  ores  very  rich  in  manganese,  is  not  found 
to  contain  a  trace  of  that  metal.  The  most  satisfactory  explana- 
tion of  the  beneficial  effect  of  manganese  is  afforded  by  the  pro- 
tracted treatment  to  which  it  is  found  necessaiy  to  submit  iron 
containing  much  of  that  metal,  iu  order  to  effect  its  proper  de- 
carbonisation,  and  the  facility  thus  afforded  for  its  more  complete 
purification. 

It  appears  possible  that  the  beneficial  effects  of  binoxide  of 
manganese,  when  added  to  iron  in  the  manufacture  of  steel,  or  in 
the  production  of  malleable  iron,  may  also  be  due,  in  some 
measure,  to  the  formation  of  carbide  of  manganese,  and  the  con- 
sequent more  obstinate  retention  of  a  portion  of  the  carbon  in  the 
ii'on.  Other  advantages  may  be  ascribed  to  the  greater  fusibility 
of  the  slag  produced,  when  manganese  is  employed,  and  also  to  a 
diminution,  under  these  circumstances,  of  the  destructive  effect 
of  the  slag  upon  the  crucible  or  hearth,  during  the  operation  of 
smelting  and  decarbonising.  It  is  also  stated  that  the  presence  of 
a  small  quantity  of  manganese  in  the  steel  has  the  effect  of 
improving  the  textm-e  and  colour,  and  of  imparting  to  it  the 
property  of  welding  readily  to  wrought  iron. 

While  referring  to  manganese  in  connexion  with  iron,  it  may  be 
mentioned  that  some  attempts  appear  to  have  been  made  within 
the  last  few  years,  to  examine  into  the  influence  exerted  over  the 
properties  of  iron  by  the  presence  of  small  quantities  of  other 
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metals,  and  to  ascertain  whether  iron  may  not  be  advantageously 
hardened  or  toughened,  or  its  properties  in  any  other  way  modified, 
by  being  alloyed  with  small  quantities  of  such  metals  as'  zinc, 
copper,  tin,  lead,  &c. 

Several  proposals  were  made  public  not  long  since,  through 
various  channels,  for  the  employment  of  copper,  nickel  and  zinc 
for  increasing  the  tenacity  of  iron,  and  thus  improving  its  quality, 
for  such  purposes  as  the  manufacture  of  ordnance. 

These  proposals  appear,  however,  to  have  been  the  result  of 
inference  rather  than  of  experiment ;  the  arguments  in  their  favour 
being  sought  in  such  circumstances  as  the  reported  superior 
toughness  of  iron  made  from  Franklinite ;  the  peculiar  character 
of  meteoric  iron ;  the  existence  of  an  appreciable  amount  of 
copper  in  the  highly  tenacious  steel  from  Solingen,  kc. 

Messrs.  Talabot  and  Stirling  appear,  however,  to  have  devoted 
some  attention  to  the  subject,  and  have  patented  proposals,  in 
which  the  addition  of  small  quantities  of  various  metalHc  oxides 
{e.g.,  those  of  tin,  zinc,  barium,  calcium)  to  the  iron  is  recom- 
mended, for  the  purpose  of  modifying  its  properties  in  different 
ways.  The  method  generally  suggested  for  their  application  is  to 
line  the  sole  of  the  puddling  furnace,  or  the  pig-moulds  or  chills, 
with  sawdust,  bitumen,  or  tarry  matter,  mixed  up  with  a  small 
quantity  of  the  particular  oxide,  and  M'ith  oxide  of  iron.  The 
uniform  alloy  is  supposed  to  be  formed  in  the  subsequent  treat- 
ment of  the  metal.  Although  it  is  not  on  record  that  these  and 
similar  proposals  have  led  to  any  practical  results,  there  is  little 
doubt  that  the  influence  of  foreign  metals  upon  iron  will  receive 
the  serious  attention  of  some  of  the  metallurgists  who  are  just 
now  zealous  in  the  cause  of  iron-manufacture,  and  that  results  of 
interest  and  importance  may  be  expected  from  a  farther  prosecu- 
tion of  such  experiments  as  those  instituted  by  Faraday  and 
S  to  dart  some  yeai's  ago,  with  particular  reference  to  steel. 

Attention  is  naturally  directed,  by  the  discussion  of  the  subject 
of  alloys,  to  the  successful  results  which  appear  to  have  attended 
experiments  made  with  a  view  of  producing  steel  or  other  specific 
varieties  of  iron  by  the  very  simple  process  of  mixing  together, 
in  proper  proportions,  iron-varieties  of  diff'erent  composition. 

Several  patents  have  been  published  within  these  last  two  years, 
for  the  preparation  of  mixtures  of  this  kind:  thus,  Mr.  Bessemer 
(1855),  in  two  patents  relating  to  the  melting  of  steel,  and  its 
manufacture  by  cementation,  claims  the  production  of  a  mixture 
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of  cast  iron  and  steel,  prepared  by  adding  together  the  two  liquid 
materials,  or  by  immersing  the  solid  steel  in  the  fused  cast  iron. 
The  pi-odacts  are  susceptible  of  annealing  or  hardening  like  steel. 
Dr.  Price  and  Mr.  Nicholson  (1855)  have  found  that  a  very 
superior  description  of  metal  is  produced  by  mixing  grey  pig-iron 
■with  the  so-called  finery-metal,  which,  though  it  still  retains 
nearly  the  whole  of  the  carbon  originally  contained  in  the  iron,  is 
comparatively  free  from  silicium,  and  has  also  parted  with  a  certain 
proportion  of  its  other  impurities.  The  product  tlius  obtained, 
containing  as  it  does  a  considerable  portion  of  the  carbon  in  a 
combined  state,  bears  great  resemblance  to  the  description  of  iron , 
manufactured  for  ordnance  at  all  the  Continental  gun  foundries, 
by  careful  mixture  of  pig-iron  with  partly  refined  products,  and 
subseqaent  protracted  treatment  in  the  reverberatory  furnace. 

Messrs.  Price  and  Nicholson  (1855)  have  besides  secured  a 
patent  for  the  manufacture  of  steel  of  excellent  quality,  by  melting 
together  finery-metal  and  wrought  iron.  Mr.  G.  Brown  (1856) 
also  proposes  to  make  steel  by  a  mixture  of  metals,  but  employs 
charcoal-pig-iron,  and  wrought  iron  made  from  the  same  material. 
Mr.  Manevy  (1856)  prepares  cast  steel  by  fusing  together  white 
cast  iron  and  malleable  iron,  both  previously  reduced  to  small 
fragments,  and  with  the  addition  of  the  oxides  of  iron  and  of 
calcium,  potassium,  or  sodium,  in  some  form.  There  can  be  no 
doubt  that,  provided  the  necessary  precautions  be  taken  to  ensure 
the  uniformity  of  the  materials  employed,  the  production  of  cast 
steel  by  the  simple  mixture  of  iron- varieties  of  a  known  compo- 
sition should  possess  considerable  advantages  over  the  process  of 
decarbonisation. 

Before  proceeding  further  with  the  examination  of  the  recent 
improvements  in  the  manufacture  of  steel,  it  is  advisable  to  com- 
plete the  review  of  the  patented  proposals,  relating  to  modifications 
of  the  ordinary  methods  of  refining  and  puddling. 

Mr.  Ken  yon  Blackwell,  in  his  paper  on  the  manufacture  of 
iron,  already  referred  to,  alludes  to  the  difficidty  experienced  in 
the  treatment  of  grey  iron  in  the  puddling  furnace,  on  account  of 
its  fluidity,  and  the  tenacity  with  which  it  retains  its  carbon ;  and 
in  pointing  oiit  the  great  loss  of  iron  sustained  by  the  intermediate 
treatment  in  the  coke-finery,  which  it  is  necessary  to  adopt, 
suggests  that  the  partial  decarbonization  of  the  metal  might  be 
far  more  economically  eff'ected  by  its  treatment  in  a  small  blast- 
furnace, similar  to  the  cupola  used  for  remelting,  with  the  addition. 
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perhaps,  of  minerals  consisting  of  nearly  pure  oxides  of  iron. 
That  some  such  treatment  has  occasionally  been  adopted,  is  shown 
in  a  subsequent  communication  from  Mr.  D.  Mushet,  who  states 
that  his  father  patented,  in  1817,  the  use  of  the  cupola  for  re- 
melting  and  partially  refining  iron,  and  employed  the  method  in 
Staffordshire  and  Wales.  The  adoption  of  a  similar  treatment  is 
also  referred  to,  in  one  or  two  comparatively  recent  patents  con- 
nected witli  refining. 

Mr.  D.  Mushet  moreover  claims  for  his  father  the  first  patent 
for  employing  hfematite  in  the  refining  or  puddling  of  grey  iron, 
a  method  of  treatment  which  is  also  brought  forward  in  several 
forms  in  recent  patents. 

It  has  been  noticed,  in  connexion  with  Mr.  Calvert's  patent, 
that  importance  is  sometimes  attached  to  the  effects  of  the  metals 
of  the  alkalies  and  earths,  as  agents  for  the  removal  of  such  im- 
purities as  sulphur  and  phosphorus  from  iron.  Various  proposals 
have  been  patented  within  the  last  two  years,  for  the  employment 
of  alkalies  and  similar  agents,  as  fluxes.  Mr.  Hampton  (1855) 
slakes  quick-lime  with  the  solution  of  an  alkali,  or  alkaline  salt, 
and  employs  it  in  the  refining  and  puddling  farnaces.  MM.  Du 
Motay  and  Fontaine  (1856)  purify  and  decarbonise  iron  in  the 
refining  and  puddling  furnace,  by  the  employment  of  fluxes  pre- 
pared from  the  scoriae  of  the  puddling  furnace,  from  oxides  of 
iron  and  silicates  or  carbonates  of  alkalies,  or  other  bases.  Mr. 
Pope  (1856)  proposes  to  add  the  residue  obtained  by  the  distilla- 
tion of  Boghead  or  Torbane  mineral,  to  such  fuel  as  is  employed 
in  the  refining  of  iron,  and  also  includes  the  use  of  spent  oxide  of 
manganese  in  his  patent.  Mr.  Sanderson,  of  Sheffield  (1855), 
employs,  for  the  refining  of  iron,  such  substances  as  sulphate  ol 
iron,  capable  of  disengaging  oxygen  or  other  elements  which  will 
act  upon  the  silicium,  aluminium,  &c.,  contained  in  the  metal. 

The  specification  of  the  objects  of  the  latter  patent  leads  me  to 
the  consideration  of  a  patent  granted  to  Mr.  J.  Nasmyth  in 
1854,  for  an  improvement  in  the  puddling  process,  which  is  parti- 
cularly worthy  of  notice,  as  being  the  first  application  of  the 
principle  upon  which  several  interesting  patents  connected  with 
iron-refining  are  based,  to  which  I  shall  shortly  refer.  The  patent 
claims  the  treatment  of  iron  with  a  current  of  steam,  which, 
being  introduced  into  the  lower  part  of  the  iron  in  the  puddhng 
furnace,  passes  upwards,  and,  meeting  with  the  highly  heated 
metal,  undergoes  decomposition,  both  elements  acting  as  purifying 
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agents.  The  steam  employed  is  at  a  pressure  of  about  five  pounds 
per  square  inch,  and  jDasses  into  the  metal  through  a  species  of 
hollow  rabble,  the  workman  moving  this  about  in  the  fused  metal, 
until  the  mass  begins  to  thicken,  which  occurs  in  from  five  to  eight 
minutes  after  the  introduction  of  the  steam ;  the  steam-pipe  is 
then  removed,  and  the  puddling  finished  as  usual.  The  advantages 
claimed  consist  in  the  time  saved  in  each  heat  or  puddling  opera- 
tion (from  ten  to  fifteen  minutes) ;  the  very  efi'ective  purification 
of  the  metal,  and  the  possibility  of  treating  highly  carbonised 
pig-iron  at  once  in  the  puddling  furnace,  the  preliminary  refining 
being  thus  avoided.  It  is  said  that  tlds  method  of  treatment, 
after  having  been  used  with  great  advantage  for  two  years  at  the 
Bolton  Iron  Works,  is  gradually  extending  itself  to  other  large 
manufactories. 

Anothei',  though  less  striking,  application  of  water  in  refining 
iron  is  made  by  Mr.  W.  Taylor  (1855),  who,  after  puddling  the 
metal  until  it  is  pasty,  runs  it  into  water ;  the  spongy  mass  thus 
produced  is  ground  by  rollers,  separated  into  powders  of  different 
degrees  of  fineness  by  sifting,  and  melted.  The  portion  of  metal 
oxidised  by  this  treatment  is  to  serve  as  the  final  puriiying  agent. 
The  quality  of  the  product  varies  with  the  fineness  of  the  powder. 
Mr.  Martien,  of  New  Jersey  (1855),  proposes  to  use  a  very 
similar  mode  of  treatment  for  the  conversion  of  ore,  reduced  to 
spongy  metal,  into  steel.  The  water  into  which  he  throws  the 
heated  mass  contains,  in  solution,  saline  matters,  such  as  chloride 
of  sodium,  borax,  soda,  &c. 

The  principle  of  employing  oxides  of  iron  as  agents  for  decar- 
bonising the  metal  sufficiently  to  produce  steel,  has  recently  occu- 
pied the  attention  of  several  metallurgists.  One  or  two  patents 
involving  its  application  have  already  been  published ;  other 
modifications  are  in  course  of  elaboration ;  and  it  is  considered 
likely,  by  competent  authorities,  to  receive,  in  some  form  or  other, 
extensive  application. 

In  1854  Mr.  Stirling  proposed  to  produce  cast  steel  by  adding 
to  fused  cast  iron  a  quantity  of  the  oxides  or  carbonates  of  iron, 
the  operation  being  performed  in  crucibles  or  reverberatory 
furnaces,  and  being  repeated  with  successive  quantities  of  the  ore, 
until  the  proper  description  of  steel  had  been  produced.  From 
five  to  seven  per  cent,  of  the  oxides  were  to  be  employed  in  the 
first  melting,  and  smaller  quantities  in  successive  operations; 
manganiferous  ores  were  to  be  selected  in  preference  to  others,  and 
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exceedingly  suiall  quantities  of  other  oxides  might  be  added, 
togetlier  with  the  ore,  such  as  those  of  zinc  or  tin,  for  strengthen- 
ing, toughening,  or  hardening  the  metal. 

It  will  be  observed  at  once,  that  this  process  differs  only  in  its 
details  from  that  more  recently  patented  by  Captain  Uchatius,  of 
the  Austrian  Service  (1855),  which  attracted  considerable  attention 
last  autumn,  when  a  successful  experiment  was  made  with  it  at  the 
works  of  Messrs.  Rennie.  The  important  point  in  the  process  of 
Captain  Uchatius,  is  the  great  acceleration  of  the  decarbonising 
effect  of  oxide  of  iron  upon  the  pig-metal,  by  exposing  as  large  a 
surface  as  possible  to  contact  with  the  ore  employed.  The  metal 
is  thus  converted  into  steel  in  one  operation,  and  with  considerable 
rapidity.  The  mode  of  proceeding  is  to  granulate  the  iron  by 
running  the  fused  metal  into  water,  and  beating  it  with  a  broom. 
The  globular  particles  thus  obtained  are  mixed  with  about  20 
per  cent,  of  roasted  spathose  ore,  and  4  per  cent,  of  fire  clay, 
and  subjected  to  the  heat  of  a  steel-furnace.  The  employment  of 
oxide  of  manganese  is  not  specified ;  a  certain  proportion  is,  how- 
ever, generally  added.  The  granules  of  iron  are  partially  decar- 
bonised and  melted,  and  a  portion  of  iron  from  the  ore  is  also 
reduced;  the  increase  of  yield  upon  the  metal  employed  amount- 
ing generally  to  about  6  per  cent.  The  granules  are  sorted  in 
the  first  instance,  as  the  finer  particles  produce  a  softer  steel.  The 
addition  of  a  small  quantity  of  wrought  iron,  in  fragments,  is  re- 
commended for  the  production  of  soft  welding  cast  steel,  and 
harder  products  are  obtained  by  adding  various  proportions  of 
charcoal  to  the  mixture.  The  average  time  necessary  for  the 
conversion  of  such  a  quantity  of  iron  as  was  operated  upon  at  the 
works  of  Messrs.  Rennie  (24  lbs.),  is  said  to  be  about  two  hours. 
It  is  specified  that  the  best  description  of  pig-iron  should  be 
employed,  and  the  experiments  appear  to  have  always  been  made 
with  East  India  pig-iron ;  but  it  is  believed  by  the  patentee  that 
numerous  descriptions  of  ordinary  English  pig-metal  may  be  con- 
verted without  difficulty.  The  results  obtained  by  Captain 
Uchatius  appear  to  have  been  even  surpassed  by  a  modification 
of  his  process,  in  which  partially  refined  iron  is  employed. 

Improvements  in  the  conversion  of  wrought  iron  into  steel  by 
fusion  or  cementation,  have  also  been  made  the  subject  of  several 
recent  patents.  In  one  or  two  processes  {e.g.  for  the  manufacture 
of  cast  steel  by  Mr.  Broom  an,  and  for  the  production  of  steel 
direct  from  the  ore  by  Mr.  Newton,)  cyanogen  is  proposed  as  an 
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agent  for  carbonising ;  it  is  either  employed  in  the  form  of  a 
cyanogen-compound  (ferrocyanide  of  potassium)  in  a  flux^  or  its 
production  during  the  cementation  process  is  effected,  by  the 
presence  of  an  alkali  and  animal  matter  in  the  cementing  oven. 
M.  Boullet  of  St.  Denis  (1854)  proposes  to  use  a  cementing 
compound,  consisting  of  glucose  or  other  saccharine  matter;  horn 
shavings,  dried  blood,  or  other  descriptions  of  animal  matter,  and 
■wood-charcoal. 

As  an  improvement  on  the  ordinary  cementation-process,  Mr. 
Lucas  of  Sheffield  (1854)  has  patented  a  method  for  the  conver- 
sion of  bar-iron  into  steel  in  the  presence  of  iron  ore,  M-hich  shall 
at  the  same  time  become  converted  into  steel.  The  ore  is  mixed 
"with  animal-  or  vegetable-charcoal,  and  a  small  quantity  of  binoxide 
of  manganese  ;  alternate  layers  of  this  mixture,  iron  fragments 
and  charcoal  are  piled  in  the  converting  furnace.  T^'hen  the  con- 
version of  the  iron  into  steel  is  effected,  the  reduced  ore  is  melted, 
and  furnishes  cast  steel. 

In  1855,  Mr.  Bessemer  obtained  three  patents  for  the  manu- 
facture of  steel.  The  first  two,  -which  have  already  been  alluded 
to,  as  including  the  preparation  and  treatment  of  mixtures  of  steel 
and  cast  iron,  relate  to  particular  arrangements  for  carrying  on 
continuously  the  cementation  process,  by  allowing  the  cut  bar, 
granulated  puddle-iron,  or  other  refined  metal,  and  charcoal, 
either  to  travel  gradually  along  a  horizontal  heated  cylinder 
(which  is  divided  into  chambers  by  plates  linked  together,  and 
moved  slowly  along  by  a  winding  apparatus)  ;  or  to  descend  gra- 
dually in  a  vertical  cylinder  or  retort,  which  is  charged  with 
material  from  above.  Various  improvements  in  the  arrangement 
and  construction  of  the  furnaces  and  crucibles  are  included  in 
these  patents. 

The  third  patent,  dated  October,  1855,  relates  to  the  treatment 
of  iron,  for  its  conversion  into  steel,  upon  the  principle  applied 
by  Mr.  Nasmyth  to  the  puddling  process  in  May  1854.  The 
system  proposed  is  as  follows : — The  liquid  iron  to  be  converted  is 
taken  from  a  common  finery  or  cupola-furnace,  and  filled  into 
skittle-pots,  provided  with  tap-holes  at  the  bottom,  and  arranged 
in  a  suitable  furnace.  A  pipe  passes  through  a  hole  in  the  cover 
nearly  to  the  bottom  of  the  crucible,  and  is  connected  with  a 
larger  pipe  over  the  furnace,  into  which  highly  heated  air  alone, 
or  air  and  steam,  or  steam  alone  also  highly  heated,  is  forced, 
under  a  pressure  exceeding  that  of  a  column  of  metal  equal  to 
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the  depth  of  fluid  iron  in  the  pots.  Thus  the  air  or  steam  is 
made  to  pass  up  through  the  liquid  metal,  and  to  effect  its  purifi- 
cation. When  the  latter  becomes  pasty  or  has  been  treated  to 
the  requisite  extent,  its  temperature  is  raised  so  as  to  render  it 
sufficiently  fluid  for  casting.  It  is  observed  in  the  specification 
that  the  iron  is  liable  to  become  pasty  by  ti*eatment  \vith  steam, 
which  may  be  avoided  by  properly  maintaining  the  heat  in  the 
pot-furnace ;  but  that  it  is  found  advisable  to  use  steam  only  at 
an  early  stage  of  the  process,  and  to  conclude  the  treatment  with 
air,  which  readily  maintains  the  iron  in  a  liquid  condition,  and 
also  rapidly  raises  its  temperature  when  it  has  become  much 
lowered  by  the  treatment  with  steam. 

In  the  specification  of  this  patent,  Mr.  Bessemer  intimates 
his  knowledge  of  ^Ir.  Nasmyth's  process  for  puddling  with  steam, 
and  of  a  patent  taken  out  by  jMr.  Martien  of  New  Jersey,  earlier 
in  1855,  for  effecting  the  partial  purification  of  iron,  by  causing 
air  or  steam  to  pass  up  through  the  liquid  metal,  as  it  flows  along 
gutters  from  the  tap-hole  of  the  blast-furnace  or  finery-forge,  but 
especially  from  the  former.  By  this  treatment,  no  more  than 
the  partial  purification  of  the  metal  is  attempted,  and  Mr. 
Bessemer,  therefore,  lays  claim  in  the  above  patent  to  the  conver- 
sion of  crude  iron  into  malleable  metal  or  steel,  by  the  treatment 
with  air  and  steam,  in  the  manner  described. 

This  patent  of  Mr.  Bessemer 's  is  followed  by  two  others  (in 
December  1855  and  July  1856),  in  which  the  treatment  of  iron 
by  air  and  steam  is  carried  out  in  various  ways,  and  which  are,  in 
a  manner,  preparatory  to  the  patent  for  the  refining  of  iron  without 
fuel,  on  the  subject  of  which  a  paper  was  read  by  Mr.  Bessemer 
at  the  British  Association  last  year,  and  which^  for  some  time, 
excited  the  general  attention  of  the  iron-manufacturers  and  the 
public. 

In  the  first  of  these  patents  it  is  proposed  to  refine  the  iron  by 
passing  air  or  steam  into  tlie  liquid  metal,  which  has  been  trans- 
ferred from  the  blast-furnace  to  a  species  of  ladle,  on  trunions, 
and  then  to  submit  the  product  to  further  treatment  with  air,  on 
the  hearth  of  the  puddling  furnace,  or  in  long  retorts.  Or,  the 
metal  is  treated  with  steam  or  air  in  a  large  crucible,  enclosed  in 
a  circular  reverberatory  furnace.  A  clay  pipe  serves  to  conduct 
the  steam  or  air  to  the  bottom  of  the  crucible.  It  is  again  ob- 
served that  steam  should  only  be  used  at  the  commencement  of 
tjie  operation,  and  that,  if  the   metal  becomes  pasty,  the  heat  of 
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the  furnace  sbould  be  raised  prior  to  tapping.  The  patent  includes 
a  proposal  for  recarbonising  iron  in  this  crucible,  by  raising  the 
heat  of  the  metal,  in  the  first  instance,  by  the  injection  of  air  or 
steam^  and  by  then  forcing  carbonaceous  gascs^  or  solid  carbonaceous 
matter  into  the  iron^  through  the  same  channel. 

The  second  patent  is  for  the  exposure  of  liquid  iron,  in  a  finely 
divided  condition,  to  the  action  of  a  current  of  air.  One  method 
proposed  for  eftectiug  this,  is  to  have  two  cupolas,  so  arranged, 
that  they  may  be  alternately  lifted  and  depressed.  Both  being 
charged  with  highly  heated  fuel,  and  the  one  containing  a  quan- 
tity of  fluid  metal ;  they  are  so  arranged  that  the  latter  may  be 
run  from  the  tap-hole  into  the  top  of  the  second  cupola.  As  the 
iron  descends  in  a  shower  through  the  fuel  in  this  cupola,  it  meets 
with  a  powerful  current  of  air  passing  upwards.  AVhen  the 
whole  of  the  iron  has  been  run  out  from  the  upper  cupola,  the 
relative  position  of  the  two  furnaces  is  changed,  and  the  metal  is 
poured  back  upon  the  fuel  in  the  first  cupola,  which  is  now  lowest, 
and  through  which  a  blast  is  also  passing.  This  operation  is 
repeated  until  the  metal  has  been  sufficiently  refined.  Or,  the 
iron  is  fused  in  a  furnace  which  may  be  provided  with  internal 
projections,  and  which  is  made  to  revolve  on  horizontal  axes  so 
that  the  metal,  when  fluid,  may  be  raised  by  the  projections,  or  by 
centrifugal  force,  and  allowed  to  fall  upon  the  heated  fuel,  through 
which  air  circulates.  The  axes  are  hollow,  a  blast  being  admitted 
through  the  lower,  while  the  upper  one  provides  for  the  escape  of 
the  products  of  combustion.  It  is  stated  that  coke  may  be  used 
as  the  fuel,  and  that,  if  the  object  is  to  obtain  steel,  an  addition  of 
from  1  to  2  per  cent,  of  binoxide  of  manganese  and  a  similar 
proportion  of  chloride  of  sodium  should  be  made  to  the  metal. 

Immediately  upon  the  above  patents,  followed  the  proposal 
of  Mr.  Bessemer  to  produce  steel  and  malleable  iron  from  the 
crude  metal,  without  the  use  of  fuel,  to  the  details  of  which  it  is 
scarcely  necessary  to  allude,  as  the  process  in  question  has  not 
only  been  very  fully  discussed  in  public,  but  also  witnessed  by  a 
great  number  of  persons  interested  in  iron  manufacture.  It  will 
be  sufficient  to  bear  in  mind  that  a  suitable  vessel,  provided  near 
the  bottom  with  several  tuyeres,  in  connection  with  a  blast- 
cylinder  capable  of  compressing  air  to  about  eight  or  ten  pounds 
to  the  square  inch,  is  placed  in  the  immediate  vicinity  of  a  cupola 
or  blast-furnace,  so  that  the  liquid  metal  may  at  once  run  into  it. 
The  vessel,  which  is  closed  at  the  top,  is  provided  with  lateral 
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openings,  to  be  used  for  the  introduction  of  the  metal,  and  the 
removal  of  the  product.  The  blast  having  been  turned  on  into 
the  furnace  or  converting  vessel,  the  fluid  metal  is  allovred  to  run 
in.  The  iron  is  at  once  violently  agitated,  and  a  considerable 
number  of  sparks  issue  from  the  furnace,  accompanied  by  a  small 
carbonic  oxide-flame.  When  this  operation  has  been  carried  on 
for  about  fifteen  minutes,  the  temperature  of  the  metal  gradually 
increasing,  the  action  of  the  air  appears  to  become  more  intense ; 
the  metal  rises  considerably  above  its  actual  level ;  the  heat  is 
raised  to  full  whiteness,  and  a  frothy  slag  is  thrown  off  from  the 
surface  in  considerable  quantities.  In  a  few  minutes  the  size  of 
the  flame  issuing  from  the  furnace,  increases  considerably,  and  it 
is  steadily  maintained  for  about  ten  minutes,  when  it  rapidly 
diminishes,  and  the  process  is  then  considered  complete.  Upon 
tapping  the  furnace,  the  metal,  runs  freely  and  is  perfectly  white 
hot,  but  it  chills  very  rapidly,  and,  from  the  number  of  cavities 
generally  observed  in  the  masses  cast,  it  appears  to  solidify  befoi'e 
the  air-bubbles,  carried  into  the  metal  as  it  pours  into  the  mould, 
have  time  to  rise  to  the  surface.  Mr.  Bessemer  claims  the 
production,  by  this  operation,  of  pure,  homogeneous,  malleable 
iron,  and  also  the  preparation  of  hard  or  soft  steel,  and  of  a 
particular  product  called  semi-steel,  by  arresting  the  operation 
at  certain  periods,  indicated  successively  by  the  phenomena  above 
alluded  to. 

In  discussing  the  theory  of  these  processes  in  his  paper,  read 
to  the  British  Association,  Mr.  Bessemer  considers  that,  during 
the  first  part  of  the  treatment,  the  oxygen  of  the  air  combines 
with  the  graphite  in  the  iron,  producing  carbonic  acid,  thus  rais- 
ing the  tempei-ature  considerably.  Subsequently,  when  the  metal 
has  become  very  highly  heated,  and  the  flame  is  observed  to 
increase,  the  combined  carbon  undergoes  oxidation.  At  this  stage 
of  the  process,  as  the  quantity  of  carbon  present  is  but  small,  a 
portion  of  the  iron  is  stated  to  undergo  oxidation,  being  imme- 
diately fused,  and  disseminated  through  the  metal,  upon  which  it 
acts  as  a  powerful  solvent  of  the  silica  and  earthy  bases.  The 
sulphur  and  other  volatile  matters  are  also  supposed  to  be  oxidised 
and  removed  at  this  period.  The  iron  is  stated  to  undergo  com- 
plete purification  by  this  treatment,  while  the  loss  of  metal  during 
the  operation  is  considered  to  be  about  10  per  cent,  below  that 
usually  sustained  in  its  purification. 

Before  examining  into  the  extent  to  which  the  views  of  Mr, 
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Bessemer  have  been  borne  out  by  practice^  it  is  necessary  to  state 
that  the  patent  last  alluded  to,  was  followed,  shortly  afterwards, 
by  another,  providing  for  the  adaptation  of  the  process  just 
described  to  the  furnaces  used  for  smelting,  re-melting,  and 
refining  iron.  Another  form  of  converting  vessel  was  also  pro- 
posed, for  ensuring  the  contact  of  the  air  with  a  larger  surface  of 
metal,  previous  to  its  escape.  In  order  to  obviate  the  injurious 
eflFect,  upon  the  malleability  of  the  product,  which  the  presence  of 
any  oxide  of  iron  would  exert,  it  was  proposed  to  treat  the  refined 
metal  with  some  form  of  carbonaceous  matter,  or  to  add  the  latter 
towards  the  completion  of  the  refining  process.  Treatment  with 
carburetted  hydrogen,  or  carbonic  oxide;  the  introduction  of  a 
pole  into  the  liquid  metal ;  or  the  addition  of  charcoal,  anthracite, 
or  carbonate  of  iron,  are  the  methods  specified. 

It  has  already  been  stated  that  Mr.  Bessemer  does  not  stand 
alone  hi  proposing  the  purification  of  iron  by  treatment  with 
steam  or  air.  The  patent  of  Mr.  Martien  for  passing  air  and 
steam  through  fluid  iron,  has  already  been  noticed.  A  subsequent 
patent,  by  the  same  gentleman,  includes  the  application  of  other 
purifying  agents,  together  with  the  air  and  steam ;  such  as  chlorine, 
hydrogen,  and  coal-gas.  Oxides  of  manganese  and  zinc  are  pro- 
posed by  him  to  be  blown  into  the  iron,  to  assist  in  the  removal  of 
the  silicium  ;  spathose  ore  is  to  be  similarly  applied,  to  assist  in 
decarbonising  the  iron ;  and  a  small  quantity  of  clay,  to  facilitate 
the  working  of  the  metal. 

Mr.  John  Birch,  of  Bradford  patented,  in  June  1855,  pro- 
posals for  refining  crude  iron,  immediately  upon  its  removal  from 
the  blast-furnace  in  a  molten  state,  by  allowing  it  to  flow  into  an 
improved  refinery-furnace  adjoining;  and  for  smelting  and  refin- 
ing iron  in  one  operation,  by  the  employment  of,  what  he  terms, 
reducing  and  oxidising  tuyeres,  in  connection  with  a  peculiarly 
constructed  blast- fui'nace,  so  arranged  that  the  metal,  as  it  is 
reduced,  collects  in  a  deep  hearth  and  is  there  at  once  submitted 
to  the  refining  action  of  the  air  from  the  oxidising  tuyere.  The 
employment  of  steam  in  admixture  with  cold  blast  in  the  smelting 
furnace  and  finery-forge,  was  made  the  subject  of  a  patent  by 
Messrs.  Armitage  and  Lee,  of  Leeds,  in  October,  1856,  and 
in  August  a  patent  was  taken  out  by  Mr.  G.  Parry,  furnace 
manager  at  the  Ebbw  Vale  works,  for  the  purification  of  iron,  by 
means  of  highly  heated  steam.  The  fluid  iron  is  allowed  to  run- 
into  a  reverberatory  furnace,  previously  heated,  and  tlie   steam  is 
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either  made  to  impinge  upon  it  from  several  tuyeres,  or  to  pass 
through  the  metal.  Steel  is  to  be  obtained  by  treating  highly 
carburetted  iron  with  the  steam,  and  then  either  running  it  into 
water  and  fusing  it,  with  the  addition  of  purifying  agents,  or 
adding  to  it,  in  the  furnace,  a  small  quantity  of  clay  and,  after- 
wards, about  10  or  15  per  cent,  of  calcined  spathose  ore. 

It  would  be  quite  out  of  place,  in  this  report,  to  enter  into  any 
discussion  with  reference  to  the  respective  claims  to  originality  of 
the  different  patentees  who  propose  the  partial  or  complete  purifi- 
cation of  iron,  and  the  production  of  steel,  by  the  passage  of  air 
and  steam  through  the  metal ;  but  it  will  be  generally  admitted  that 
to  Mr.  Bessemer  the  credit  is  due  of  first  directing  the  attention 
of  iron  manufacturers  and  the  scientific  world,  prominently,  to 
this  mode  of  treatment,  and  of  awaking  a  spirit  of  more  scruti- 
nizing inquir}',  than  had  before  existed,  into  the  extent  to  Avhich 
iron  is  purified  by  being  subjected  to  the  action  of  air  or  steam. 
The  announcement,  so  convincingly  demonstrated  by  experiment 
on  a  large  scale,  that  the  heat  evolved  by  the  action  of  air  upon 
iron  when  once  liquid,  was  sufficiently  intense  not  only  to  main- 
tain the  fluidity,  of  the  metal,  but  to  raise  it  to  a  heat  attained 
only  in  the  most  powerful  furnaces, — so  that  the  purifying  action 
of  oxygen,  in  the  gaseous  state,  was  promoted  to  the  fullest  extent, 
— was  received  with  general  astonishment,  and,  by  the  chemist, 
with  wonder,  that  a  fact  so  self-evident  should  furnish  such  im- 
portant results  as  those  described  ])y  Mr.  Bessemer  in  his  paper, 
and  yet  so  long  have  escaped  application. 

The  simplicity  of  the  process,  the  positive  statements  made  by 
Mr.  Bessemer  in  support  of  his  arguments  for  proving  that  the 
purification  of  the  metal  must  be  complete,  and  his  very  attractive 
assertions  with  respect  to  the  economy  of  his  process  ;  all 
combined  to  raise  to  the  highest  the  general  expectations  of 
the  important  results  to  be  attained  by  its  adoption  in  iron- 
manufacture. 

It  need  scarcely  be  stated  that  these  expectations  have  not  yet 
been  realised,  and  that  the  ultimate  prodiict,  which  Mr.  Bessemer 
obtains  by  the  process  just  now  described,  has  been  found  to  difi'er 
in  some  Aery  material  respects  from  the  malleable  iron  obtained 
by  the  old  puddling  process.  Both  the  economy  and  efficacy  of 
Mr.  Bessemer's  method  for  purifying  iron  have  been  contested 
by  the  publication  of  facts  resulting  from  experiments  with  the 
process  and  the  product,  and  from  chemical  investigation. 

L  2 
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I  will  not  attempt  to  enter  into  any  discussion  of  the  teclinical 
objections  raised  against  the  adoption  of  such  a  process  as  that  of 
Mr.  Bessemer' s,  as  a  good  method  for  obtaining  malleable  iron, 
but  will  confine  myself  to  a  few  remarks,  bearing  upon  the 
chemical  questions  involved  in  the  proposed  system  of  refining, 
some  of  which  I  venture  to  offer  with  considerable  hesitation,  as 
the  results  of  limited  observation  and  experiment. 

It  has  been  amply  demonstrated  that  the  constituent  of  cast 
iron,  which  may  be  regarded  as  generally  exercising  the  greatest 
influence  over  its  quality,  namely,  the  siiicium,  is  also  that  which 
may  be  most  readily  and  completely  abstracted  from  the  metal, 
by  its  subjection  to  oxidising  influence.  Those  specimens  of  iron 
refined  by  Mr.  Bessemer' s  process,  which  have  been  chemically 
examined,  were  found  perfectly  free  from  siiicium.  Iron  which 
has  been  subjected  to  a  less  searching  treatment  with  oxygen  in 
the  Silesian  gas-fineiy  furnace  of  Eck,  has  been  found  to  be  almost 
perfectly  freed  from  siiicium,  and  the  pig-iron  generally  operated 
upon  in  these  furnaces  contains  from  4*5  to  5  per  cent,  of  that 
constituent.  The  patents  of  ilessrs.  Price  and  Nicholson 
which  have  been  referred  to,  are  based  upon  the  observation  that 
the  product  of  the  ordinary  finery,  obtained  from  iron  of  moderate 
quality,  contains  only  a  very  small  portion  of  siiicium. 

The  statements  of  these  gentlemen,  that  the  actual  amount  of 
carbon  existing  in  finery-metal,  difters  little  from  that  originally 
contained  in  the  pig-iron,  substantiates  similar  observations  made 
by  me  with  reference  to  products  of  the  refining  process. 

It  may,  therefore,  be  considered  as  very  probable,  that  no 
appreciable  amount  of  carbon  is  oxidised,  upon  treatment  of  pig- 
iron  by  such  a  process  as  that  of  Mr.  Bessemer,  until,  as  a 
first  eflect  of  the  high  temperature,  the  graphite  has  become  con- 
verted into  a  carbide  of  iron  ;  and  that,  during  the  interval  which 
elapses  before  the  carbide  undergoes  decomposition,  the  siiicium 
is  almost  or  entirely  oxidised. 

It  will  be  generally  admitted  that  among  the  elements  in  the 
pig-iron,  with  which  the  oxygen  meets  at  a  high  temperature,  the 
iron  itself  will  be  one  of  the  first  to  undergo  oxidation,  and  that 
the  increase  of  temperature,  resulting  from  the  contact  of  air 
with  the  fluid  metal  is,  in  the  first  instance,  almost  entirely  due 
to  this  oxidation  of  iron,  which  will  be  partially  checked  for  a 
time,  when  the  temperature  is  sufficiently  high  to  favour  the 
oxidation  of  the  combined  carbon. 
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The  compounds  formed  by  sulphur  and  phosphorus  in  iron 
appear  to  be  far  less  easy  of  decomposition  than  would  have  been 
imagined  a  pinori.  From  an  examination  of  the  finery  metal  from 
the  English  or  Silesian  furnace  it  appears  that  at  the  period  when 
the  carbon  begins  to  undergo  oxidation,  the  sulphur  and  phos- 
phorus remain  almost  untouched;  the  analyses  of  several  speci- 
mens of  Mr.  Bessemer^s  ultimate  product  have  shoAvn,  moreover, 
that  these  elements,  as  they  exist  in  the  metal,  have  not  undergone 
oxidation  to  any  important  extent,  even  when  the  carbon  has  been 
almost  entirely  removed;  although  the  action  of  the  air  is  assisted, 
as  Mr.  Bessemer  describes,  by  the  oxide  of  iron,  produced  during 
the  treatment,  which  becomes  to  a  certain  extent  mixed  up  with 
the  agitated  metal.* 

The  important  obstacle  to  the  successful  purification  of  iron,  by 
subjection  to  treatment  with  air,  even  in  the  most  complete 
manner,  evidently  consists  in  the  difficulty  of  effecting  the  decom- 
position of  the  compounds  of  sulphur  and  phosphorus  to  a  suffi- 
cient extent ;  or  perhaps  still  more,  in  the  impossibility  of  removing 
their  oxides,  when  produced,  from  the  reducing  influence  of  the 
highly-heated  metal. 

There  is  some  reason  to  believe  that  the  effect  of  nascent  hydro- 
gen from  steam,  upon  the  sulphur  and  phosphorus  in  iron,  is  more 
energetic  than  that  of  oxygen  from  air;  but  the  use  of  steam 
appears,  as  might  have  been  expected,  to  have  the  effect  of  cooling 
the  metal  rapidly  to  such  an  extent  as  to  diminish  its  fluidity ; 
hence  Mr.  Bessemer's  reason  for  only  recommending  its  ajoplica- 
tion  at  the  outset  of  the  process.  It  is  stated,  however,  that  ]\Ir. 
Parry  has,  by  the  use  of  highly-heated  steam,  recently  obtained 
veiy  successful  results. 

The  phenomena  observed  on  the  treatment  of  iron  by  Mr. 
Bessemer's  plan,  added  to  the  inferences  drawn  from  the  facts 
above  alluded  to,  would  appear  to  lead  to  the  following  explanation 
of  the  effects  successively  produced  by  the  passage  of  air  through 
the  liquid  metal: 

In  the  first  instance,  a  portion  of  the  iron  undergoes  oxidation, 

•  1  am  unaware  whether  Mr.  Bessemer  ever  caused  the  amounts  of  sulphur  and 
phosphorus  to  be  determined  in  metal,  before  and  after  treatment ;  the  specimens  of 
his  products  which  I  have  examined  contained  from  O'-i  to  05  per  cent,  of  phos- 
phorus, and  from  005  to  0-06  per  cent,  of  sulphur.  These  specimens  were  stated  to 
have  been  prepared  f  rom  Bloenavon  iron,  in  which  the  percentage  of  phosphorus 
has  been  found  to  be  about  0'5,  and  the  sulphur  0'06.  I  have  been  informed  that 
similar  results  have  been  obtained  by  other  chemists. 
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the  temperature  of  the  mass  beiug  thereby  very  considerably  raised. 
At  the  same  time  the  conversion  of  the  graphite  into  carbide  of 
iron  gradually  takes  place,  while  the  silicium  undergoes  oxidation 
and  contributes  to  the  formation  of  slag.  When  the  scintillations 
are  observed  to  diminish  in  quantity,  Avhile  a  steady  flame  makes 
its  appearance  and  the  action  becomes  more  tumultuous,  the 
decomposition  of  the  carbide  of  iron  commences ;  tlie  oxidation 
of  the  iron  still  continuing,  however,  during  the  production  of  the 
carbonic  oxide.  AVhen  the  flame  ceases  to  appear,  the  purifying 
functions  of  the  air  seem  to  have  attained  their  limits ;  but  the 
sulphur  and  phosphorus  still  remain  in  the  metal,  in  but  slightly 
diminished  quantities.  If,  therefore,  the  original  proportion  of 
these  elements  in  the  iron  operated  upon  are  inconsiderable,  the 
product  may  exhibit  most  of  the  attributes  of  the  best  malleable 
iron ;  but  if  the  percentage  of  sulpluir  or  phosphorus  in  the  crude 
metal  be  at  all  considerable,  the  influence  exerted  by  these 
substances  over  the  properties  of  iron  must  be  exhibited  in  the 
product,  even  in  an  exaggerated  degree. 

Without  entering  into  the  question  of  economy,  with  reference 
to  such  a  mode  of  treatment  as  that  proposed  by  Mr.  Bessemer, 
it  is  evident  that,  unless  means  are  ultimately  devised  in  connection 
with  it,  for  promoting  the  removal,  to  a  considerable  extent  at  any 
rate,  of  the  sulphur  and  phosphorus  from  the  iron,  it  cannot  com- 
pete, as  regards  the  quality  of  the  product,  with  the  old  puddling 
process ;  in  which  the  decomposition  of  the  sulphur  and  phos- 
phorus compounds  in  the  iron,  and  the  removal  of  these  elements 
from  the  metal,  is  mainly  effected  by  prolonged  contact  of  the 
latter  with  the  oxidising  slag. 

The  tedious  and  laborious  nature  of  the  puddling  process,  and 
the  circumstance  that  the  skill  and  industry  of  the  operator  deter- 
mine, in  great  measure,  the  quality  of  the  product,  are  alone 
reasons  sufliciently  powerful  to  induce  all  interested  in  the  manu- 
facture of  iron  to  cherish  the  hope,  that  the  unceasing  attention 
and  study  which  Mr.  Bessemer  and  many  other  metallurgists  are 
at  the  present  time  devoting  to  the  subject  of  iron  refining,  may 
result  in  the  elaboration  of  a  process  really  capable  of  fulfilling  the 
high  expectations  entertained,  in  the  first  instance,  of  the  system 
of  treatment  which,  associated  with  tlie  name  of  Mr.  Bessemer, 
enjoyed  for  a  brief  period  so  large  a  share  of  popularity;  but 
which  must  undergo  some  vital  modifications  ere  it  can  ofi^er  a 
prospect  of  realising  the  prophecy  of  !Mr.  Xasmyth,  that  a  new 
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era  would  be  established   by  it  in  a  most  important  branch  of  our 
manufactures. 


In  the  course  of  the  discussion  which  followed  the  reading  of 
Mr.  Abel's  paper, 

Mr.  P.  J.  ^Vorsley  said  that  Dr.  Gurlt's  patent  contemplated 
rather  making  steel  and  the  higher  classes  of  ii'on  than  competing 
with  our  present  manufacture  of  cheap  iron,  although  it  would 
seem  from  all  calculations  that  this  process  would  be  very  eco- 
nomical, both  of  fuel  and  of  labour,  to  say  nothing  of  the  power 
it  gives  of  using  any  fuel  whatever  with  little  risk  to  the  iron. 

The  division  of  Dr.  Gurlt's  patent  into  two  processes  corre- 
sponding to  the  upper  and  lower  parts  of  the  high  furnaces  gives 
the  power  of  performing  each  completely  without  unnecessary 
heat;  a  very  great  advantage,  as  too  high  a  heat  injm-es  the 
quality ;  the  tendency  of  hot  blast  being  to  give  a  coarse-grained 
iron  full  of  large  crystals  of  graphite,  fi'om  the  quarter  carburet 
being  decomposed  by  an  excessive  temperature  into  the  one-eighth 
carburet  and  carbon,  beside  favoui"ing  the  absorption  of  silicium. 

The  furnace  in  which  Dr.  Gurlt  proposes  to  melt  the  carbonised 
ore  differs  from  common  reverberatory  furnaces  in  having  means 
to  control  the  atmosphere  of  the  furnace  by  regulating  the  supply 
of  wind,  so  that  this  furnace  is,  in  fact,  a  gigantic  blow-pipe  with 
its  oxidising  and  reducing  flames,  and  with  what  will  be  still  more 
useful,  its  neutral  flame.  AVith  this,  Dr.  Gurlt  hopes  to  melt 
steel  in  quantity  without  altering  its  quality,  and  thus  be  able 
to  cast  large  pieces  of  the  same  metal,  an  object  never  hitherto 
attained. 

Mr.  John  Taylor  observed — 

The  process  proposed  by  Mr.  Bessemer  for  the  conversion  of 
cast  into  wrought  iron  having  been  noticed  by  the  Society,  in 
connection  with  the  subject  of  the  paper  now  read,  and  I  having 
witnessed  that  process  at  the  Dowlais  Iron  Works,  may,  perhaps, 
be  permitted  to  observe  that  the  general  result  obtained  at  those 
works  was,  that  it  was  quite  impossible  to  make  malleable  iron  from 
the  same  description  of  pig  iron  that  is  usuaDy  employed  for  the 
manufacture  of  rails. 

It  is  doubtless  well  known  to  tlie  great  majority  of  tlie  mem- 
bers present  that  iron,  as  it  runs  from  the  furnace,  may  be  roughly 
divided  into  two  kinds — one  in  which  nearlv  if  not  the  whole  of 
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the  carbon  is  in  chemical  combination  with  the  iron,  forming  a 
white  brittle  iron,  and  which,  by  proper  treatment,  is  readily  con- 
verted into  malleable  iron.  This  species  is  known  by  the  name  of 
white  forge  pig.  The  other  species  of  iron  is  termed  grey  foundry 
pig ;  in  it  the  carbon  exists  not  only  chemically  combined  with  the 
iron,  but  also  diffused  mechanically  through  the  mass  in  a  more  or 
less  crystalline  state :  this  species  is  almost  wholly  employed  by 
the  founder.  It  is,  however,  to  be  observed  that  between  these 
two  varieties,  which  I  take  as  the  two  extremes  of  the  scale,  there 
are  numerous  sub-species,  varying  in  their  relative  proportions  of 
combined  and  uncombined  carbon,  their  purity,  their  crystalline 
texture,  and  other  particulars,  all  of  which  possess  peculiar  com- 
mercial values,  and  are  known  to  the  trade  under  certain  technical 
designations. 

It  was  found  at  the  Dowlais  works  that  when  grey  foundry 
iron  was  submitted  to  Mr.  Bess  erne  r's  process,  in  a  cupel  made 
after  his  plan,  and  air  blown  into  it  at  a  pressure  of  about  7  lbs. 
on  the  square  inch,  a  pig  of  malleable  iron  was  obtained  which 
possessed  all  the  characters  that  have  been  assigned  by  Mr. 
Bessemer  to  the  iron  manufactured  by  his  plan  ;  but  when  white 
forge  pig,  the  same  iron  from  which  rails  were  then  being  made, 
was  the  subject  of  experiment,  the  pig,  on  being  transferred  to 
the  rollers,  broke  into  several  pieces ;  nor  could  any  of  these,  by 
any  treatment  whatever,  even  when  gently  and  carefully  hammered 
on  the  anvil,  be  brought  into  the  malleable  state.  In  fact,  as 
expressed  by  one  of  the  overseers,  it  crumbled  like  sand.  The 
experiments  were  conducted  by  Mr.  Eiley,  the  chemist  to  the 
works,  and  on  one  or  more  occasions  in  the  presence  of  Mr. 
Bessemer.  In  an  economical  point  of  view,  it  cannot  therefore 
be  said  that  the  process  has  succeeded,  at  least  at  present,  as  the 
greater  price  of  grey  foundry  iron  over  white  forge  pig  would  pre- 
clude malleable  iron  made  from  the  former,  even  by  the  more  rapid 
process  of  Mr.  Bessemer,  from  competing  in  the  market  with 
iron  made  in  the  ordinary  way  from  white  forge  pig. 

In  reference  to  the  phosphorus  and  sulphur  contained  in  iron, 
I  believe  I  am  not  violating  any  confidence  if  I  say,  that  Mr.  Riley 
informed  me,  from  analyses  made  by  him,  that  these  substances 
are  not  removed  from  the  iron  made  by  Mr.  Bessemer. 

There  can  be  also,  I  think,  no  doubt  that  the  great  source  of 
heat  in  the  Bessemer  cupel  is  due  to  the  combustion  of  the  iron 
itself.     The  colour  and  appearance  of  the  flame,  together  with  the 
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large  proportion  of  scoria  and  its  richness  in  oxide  of  iron,  together 
with  the  relatively  smaller  amount  of  iron,  confirms  this  view. 

I  have  the  honor  of  laying  before  the  Society  some  specimens 
illustrative  of  the  different  stages  of  iron-making  as  proposed  by  Mr. 
Bessemer,  a  process  which  has  at  least  the  merit  of  ingenuity  and 
may  at  some  future  time  lead  to  greater  results. 


XV. — On  the  Juice  of  Beef. 
By   Charles  L.   Bloxam, 

PB0FE330B   OF   PKACTICAL    CHEMISTRY    AT    KING'S    COLLEGE. 

The  following  paper  contains  an  account  of  an  examination  of 
the  juice  of  beef,  originally  imdertaken  Avith  the  intention  of 
preparing  a  specimen  of  flesh  lactic  acid. 

1.  30  lbs.  of  round  of  beef  purchased  in  the  market,  and  of 
excellent  quality,  were  freed  from  external  fat,  chopped  very  fine 
in  a  sausage-machine,  and  stirred  up  with  3  gallons  of  cold  distilled 
water;  after  standing  for  an  hour  or  two,  the  mixture  was  strained, 
and  the  meat  well  squeezed  in  linen  bags. 

The  mass  was  then  again  stirred  up  with  2  gallons  of  cold  water, 
and  after  being  squeezed,  the  operation  was  repeated  a  third  time 
with  3  gallons,  the  last  portions  of  liquid  being  finally  squeezed 
out  of  the  fibre  by  a  powerful  press. 

2.  The  8  gallons  of  infusion  of  beef  were  then  placed  in  jugs, 
which  were  heated  in  a  water -bath  till  a  small  portion,  having 
been  filtered,  was  found  to  remain  clear  when  boiled.  The  coagu- 
lated albumen  was  separated  by  a  linen  strainer,  and  the  clear 
solution  was  mixed,  in  tall  jars,  with  baryta-water,  till  it  had 
an  alkaline  reaction  to  turmeric  paper ;  the  precipitated  phosphate 
of  baryta  was  allowed  to  subside,  the  clear  liquid  drawn  off,  as  far 
as  possible,  with  a  syphon,  and  filtered. 

The  filtered  solution  was  evaporated  to  about  2  quarts  on  a 
water-bath,  and  again  filtered  through  a  hot-water  funnel  (for, 
through  an  ordinary  filter  the  filtration  was  extremely  slow).  It 
was  then  further  evaporated,  on  the  water-bath,  to  a  syrup,  Avhich 
was  kept  for  some  hours  at  90°F.,  and  then  set  aside  for  four  days. 
It  had  then  become  a  semisolid  mass  of  crystals  of  kreatine,  which 
were  purified  in  the  usual  manner.  In  this  way,  127  grs.  of  pure 
kreatine  were   obtained,   and   by  boiling  the  amorphous   powder 
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obtained  in  the  purification  of  the  above  crystals  with  their  mother 
liquor  and  a  little  animal  charcoal,  upwards  of  70  grs.  more 
kreatine  were  extracted,  giving  a  total  amount  of  197  grs.  from 
30  lbs.  of  beef,  Liebig^s  estimate  of  0'697  gr.  from  1000  of 
ox-flesh,  would  give  160'5  grs.  from  30  lbs, 

3.  The  syrupy  mother-liquor  originally  poured  off  from  the 
cr3'stals,  was  set  aside  for  some  days,  but  since  onh^  one  or  two 
more  crj-stals  were  deposited,  it  was  mixed  wdth  alcohol  till  it 
became  permanently  milky  (which  required  four  or  five  times  its 
volume  of  alcohol)  and  set  aside. 

After  some  days,  a  scanty  crop  of  crystals  had  been  deposited. 
These  were  carefully  examined  for  Scherer's  inosite,  but  no  evi- 
dence of  the  presence  of  that  body  could  be  obtained.  The 
deposit  was  heated  with  water,  the  solution  filtered  from  the  con- 
siderable undissolved  residue,  and  gradually  evaporated,  when  it 
left  a  syrupy  mass,  containing  a  few  crystals  of  kreatine.  The 
liquid  w^ashed  from  these  crystals  was  mixed  with  chloride  of 
barium,  when  a  scanty  precipitate  was  obtained,  Avhich  did  not 
present  any  of  the  characters  of  inosate  of  baryta  as  described  by 
Liebig. 

4.  The  alcoholic  liquid  from  which  these  crystals  had  separated 
was  allowed  to  stand  for  some  weeks,  but,  having  then  deposited 
very  little  more,  it  ^^  as  mixed  with  an  equal  volume  of  alcohol  of 
90  per  cent.,  and  again  set  aside. 

After  two  or  three  days,  a  portion  of  the  supernatant  liquid 
was  tested  with  alcohol,  and,  being  found  to  give  a  very  slight 
milkiness,  it  was  poured  off"  and  distilled. 

The  partly  viscid,  partly  crystalline  deposit  formed  in  the 
strongly  alcoholic  liquid,  was  dissolved  in  water,  and  a  part  of  the 
solution  was  precipitated  by  chloride  of  barium ;  the  precipitate 
did  not  appear  crystalline  under  the  microscope,  was  scarcely 
soluble,  even  in  hot  water,  and  did  not  at  all  resemble  the  inosate 
of  baryta.  On  allowing  the  aqueous  solution  of  the  deposit  to 
evaporate  spontaneously,  no  traces  of  crystals  were  perceived — a 
dark  brown  resinous  mass  was  left,  not  affected  by  ether,  but  very 
readily  soluble  in  water. 

5.  The  brown  syrupy  liquid  left  in  the  retort,  after  distilling  oflF 
the  alcohol,  was  set  aside  for  ten  or  twelve  Mceks,  when  it  was 
found  to  have  deposited  a  few  crystals. 

6.  The  liquid  decanted  from  these  crystals  was  mixed  with  1000 
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grain  measures  of  dilute  sulphuric  acid  (1  lb.  concentrated  acid  to 
4  lbs.  water),  which  produced  a  copious  crystalline  precipitate. 
Enough  water  was  added  to  dissolve  this,  and  tlie  liquid  was  dis- 
tilled, fresh  portions  of  water  being  continually  added,  until  the 
distillate  was  very  feebly  acid,  when  200  gr.  measures  of  dilute 
sulphuric  acid  were  again  added,  and  the  distillation  continued; 
no  more  acid,  however,  passing  over,  the  liquid  remaining  in  the 
retort  was  violently  shaken  with  8  fluid  ounces  of  ether.  After 
repeated  agitation  for  several  days,  the  ethereal  layer  was  decanted 
aad  distilled;  but  very  iiltle  acid  being  thus  obtained,  1  fluid 
ounce  of  dilute  sulphuric  acid  was  added  to  the  original  liquid, 
which  was  then  repeatedly  agitated  with  fresh  portions  of  ether. 

"When  the  amount  of  acid  extracted  by  the  ether  appeared  to 
be  quite  insigniiicant,  the  aqueous  liquid  was  mixed  with  alcohol, 
till  it  became  decidedly  milky  (which  required  more  than  an  equal 
volume  of  alcohol),  when  it  was  set  aside. 

7.  After  the  lapse  of  a  week,  very  little  deposit  ha\ang  been 
formed,  more  alcohol  was  added  from  time  to  time,  until  its  quan- 
tity amounted  to  about  five  times  that  of  the  liquid.  On  standing, 
a  considerable  crystalline  deposit  was  formed. 

8.  The  solution  decanted  from  this  deposit  was  distilled,  to 
separate  the  alcohol,  diluted  Avith  water,  and  heated  with  excess  of 
carbonate  of  hme;  the  solution,  filtered  and  evaporated,  left  an 
amber-yellow  syrupy  liquid,  M'hich  did  not  crystallize  on  standing, 
but  became  opaque  when  briskly  stirred,  minute  prismatic  crystals 
being  then  discernible  under  the  microscope ;  it  was  dissolved  in 
water,  and  carefully  decomposed  with  oxalic  acid,  so  as  to  leave  a 
little  lime  unprecipitated.  The  filtrate  from  the  oxalate  of  lime 
was  evaporated  to  a  syrupy  consistence,  and  since  it  exhibited  no 
tendency  to  crystallize,  it  was  reconverted  into  a  lime-salt,  by 
saturation  with  carbonate  of  lime,  in  the  hope  of  obtaining  some 
well  defined  crystals  by  very  careful  evaporation ;  but  only  the 
same  viscid  mass  was  obtained,  becoming  confusedly  crystalline 
when  briskly  stirred. 

The  lime-salt  was  then  dissolved  in  water,  and  mixed  with  a 
strong  solution  of  sulphate  of  zinc ;  no  sulphate  of  lime  separated 
at  first,  but,  on  boiling,  it  was  deposited  as  a  crystalline  powder. 
The  filtered  solution,  when  evaporated,  deposited  yellow  crystalline 
crusts,  very  similar  to  those  formed  by  the  lactate  of  zinc  prepared 
from  sugar-lactic  acid,  but,  contrary  to  Engelhardt's  statement 
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with  respect  to  tlie  lactate  of  zinc  from  flesh,  these  crystals  were 
insoluble  in  alcohol. 

The  crystals  were  freed  from  adhering  mother-liquor,  and  dried 
in  vacuo  over  sulphuric  acid, 

22"  17  grs.  of  the  salt,  when  heated  in  the  water-oven,  lost  0'24 
gr.,  and,  in  the  air-bath  at  280°,  lost,  in  addition,  048  gr.  As 
this  loss  was  so  small,  and  as  the  bro^vn  colouring  matter  adhering 
to  the  salt  appeared  to  have  been  changed  by  the  heat,  I  was  led 
to  believe  that  the  salt  contained  no  water  of  crystallisation. 

The  21*45  grs.  of  zinc-salt  dried  at  280°,  dissolved  A^ith  con- 
siderable difficulty  in  boiling  water;  the  solution  was  decomposed 
by  sulphuretted  hydrogen. 

The  sulphide  of  zinc,  when  converted  into  the  oxide,  weighed 
4*71  grs.,  giving  21*96  per  cent,  of  zinc  in  the  salt  dried  at  280°. 

8.  The  filtrate  from  the  sulphide  of  zinc,  when  evaporated  on 
the  water-bath,  left  a  yellow,  crystalline,  very  acid  residue,  con- 
taining nitrogen,  and  burning  entirely  away  when  heated.  It  was 
very  readily  soluble  in  cold  water,  and  the  solution  was  not  preci- 
pitated by  alcohol  or  by  acetate  of  copper,  indicating  the  absence 
of  inosic  acid.  The  acid  was  dissolved  by  hot  alcohol,  and  was 
deposited,  on  cooling,  in  oblique  rhombic  prisms  of  considerable 
size. 

The  alcoholic  solution,  when  mixed  with  ether,  deposited  a  ervs- 
talline  powder,  appearing  under  the  microscope  to  consist  of 
beautiful  tabular  crystals. 

The  aqueous  solution,  when  neutralised  with  ammonia  and 
evaporated,  deposited  rectangular  plates. 

After  drying  in  vacuo,  the  crystals  suffered  no  further  loss  in  the 
water-oven. 

This  same  acid  was  found  in  the  ethereal  solution  obtained  at 
an  earlier  stage,  and  supposed  to  contain  the  whole  of  the  lactic 
acid  procurable  from  the  beef  employed.  After  distilling  the 
ether  from  this  solution,  the  brown,  somewhat  syrupy,  acid  liquid 
remaining  in  the  retort  was  saturated  with  oxide  of  zinc,  boiled 
with  animal  charcoal,  filtered,  and  evaporated.  The  zinc-salt  was 
deposited  very  slowly,  even  from  the  syrupy  solution.  On  evapo- 
rating in  vacuo,  a  \dscid  mass  was  obtained,  containing  a  few 
crystals ;  this  was  treated  with  water ;  and  the  crystals  washed  and 
dried  in  vacuo. 

Heated  in  the  air-bath  to  215°,  the  crystals  suffered  no  appre- 
ciable diminution  in  weight. 
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12'49  grs.  of  the  salt  were  dissolved,  though  with  some  diffi- 
culty, in  boiling  water,  and  the  solution  was  decomposed  with 
sulphuretted  hydrogen. 

The  precipitate,  when  converted  into  oxide  of  zinc,  gave 
2-80  grs.  =  22-42  per  cent. 

First  zinc-salt      21-96  per  cent.     ZnO 
Second       „         22-42 
Mean     22-19 

Assuming  the  salt  to  contain  an  equivalent  of  the  acid  for  each 
equivalent  of  ZnO,  and  taking  Zn  =  32-52,  this  would  give  142 
for  the  equivalent  of  the  anhydrous  acid. 

(That  of  anhydrous  inosic  acid,  CiQHgN20io  (Liebig),  would 
be  174). 

The  filtrate  from  the  sulphide  of  zinc,  when  evaporated,  left  a 
residue  which  possessed  all  the  properties  of  the  acid  obtained 
from  the  first  zinc-salt. 

The  mother-liquor  from  the  crystals  of  the  second  zinc-salt, 
which  would  contain  any  lactate  of  zinc,  was  evaporated  in  vacuo ; 
it  left  a  transparent  viscid  mass  which  became  opaque  when 
briskly  stirred,  and  was  insoluble  in  boiling  alcohol.  This  mass 
was  dissolved  in  water,  and  decomposed  by  sulphuretted  hydro- 
gen ;  the  filtrate,  when  evaporated,  left  a  brown,  viscid,  acid  residue 
which  was  miscible  with  alcohol,  but  not  to  any  great  extent  with 
ether. 

This  residue  was  dissolved  in  water,  and  neutralised  with  baryta- 
water. 

The  solution  of  the  baryta- salt,  slowly  evaporated,  left  a  gummy 
mass  exhibiting  no  signs  of  crystallisation.  It  was  decomposed 
with  sulphate  of  magnesia.  (The  sulphate  of  baryta  thus  preci- 
pitated was  found  to  weigh  only  17  grs.,  showing  the  quantity  of 
acid  present  to  be  exceedingly  small.)  The  solution  of  the  mag- 
nesia salt,  when  evaporated  to  a  small  bulk,  deposited  what 
appeared  to  be  a  gelatinous  mass,  which,  when  pressed  in  blotting 
paper,  to  free  it  from  adhering  mother-liquor,  became  indistinctly 
crystalline.  This  salt,  when  heated  with  alcohol,  did  not  dissolve, 
but  broke  up  into  distinct  prismatic  crystals. 

When  heated  with  hydrate  of  potassa,  the  salt  evolved  abundance 
of  ammonia. 

I  had  not  succeeded,  therefore,  in  obtaining  any  lactic  acid  from 
the  30  lbs.  of  beef.  It  would  not  be  just  to  assume  that  the  viscid 
acid  liquid  last  spoken   of  contained  an   acid  different  from  the 
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crystalline  acid  previously  described,  since  it  was  evidently  associ- 
ated -svitli  much  so-called  extractive  matter,  which  would  account 
for  its  not  crystallising. 

8.  The  last  and  most  abundant  deposit  produced  by  alcohol  in 
the  solution  which  had  been  agitated  with  ether  to  extract  the 
lactic  acid  (7),  was  now  very  carefully  examined. 

This  deposit  contained,  in  addition  to  the  confused  mass  of 
crystals  of  sulphate  of  potassa,  a  number  of  rectangular  tables, 
which  were  most  abundant  in  the  later  portions  of  the  deposit, 
formed  when  the  alcohol  greatly  predominated. 

9.  The  mass  was  treated  with  warm  water,  by  which  it  was  only 
partially  dissolved ;  the  dark  brown  solution  was  evaporated  to  a 
small  bulk  on  the  water- bath,  when  it  deposited  a  peculiar  tena- 
cious mass,  showing  no  signs  of  crystallisation.  The  mother- 
liquor  was  evaporated  to  a  syrupy  consistence,  but  no  crystals  of 
inraite  could  be  obtained,  nor  did  I  succeed  in  eliciting  any  of  the 
reactions  pointed  out  by  Scherer  as  distinguishing  that  substance. 

10.  The  residue  left  by  warm  water  was  boiled  with  water,  when 
it  almost  entirely  dissolved.* 

The  solution  deposited  crystals  of  sulphate  of  potassa,  and  the 
mother-liquor  from  these  gave  large  crystals  of  sulphate  of  soda. 

1 1 .  The  first  aqueous  extract  (9),  obtained  by  treating  the 
deposit  with  warm  water,  when  saturated  with  carbonate  of  baryta, 
filtered,  and  evaporated,  gave  a  syrupy  brown  liquid,  which  had  an 
alkaline  reaction,  and  was  not  miscible  with  alcohol  or  ether.  This 
liquid  was  dissolved  in  water,  the  solution  mixed  with  alcohol  till 
it  became  turbid,  heated  till  clear  again,  and  allowed  to  stand; 
merely  a  viscid  liquid  was  deposited. 

The  alcohol  was  then  distilled  off,  the  sulphuric  acid  removed  by 
an  excess  of  baryta-water,  the  baryta  precipitated  by  carbonic 
acid,  and  the  solution  evaporated. 

It  left  a  brown  viscid  residue,  nearly  free  from  inorganic  matter, 
very  readily  soluble  in  watei",  yielding  a  solution  which  was 
strongly  alkaline  to  litmus  and  turmeric  ;  it  also  now  dissolved, 
though  slowly,  in  alcohol,  and  was  precipitated  from  the  solution 
on  adding  dilute  sulphuric  acid. 

On  standing  for  a  day  or  two.  this  viscid  liquid  solidified  to  a 

*  The  small  quantity  which  remained  undissolved  appeared  to  be  a  compound  of 
sulphate  of  potash  with  some  organic  substance :  it  was  dissolved  only  by  nitre- 
hydrochloric  acid. 
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crystalline  mass,  which  only  partly  dissolved  in  alcohol,  even  on 
boiling,  leaving  white  prismatic  crystals. 

Hydrochloric  acid  dissolved  them  at  once,  with  evolution  of 
heat. 

The  whole  of  the  crystalline  mass  was  thoroughly  washed  with 
alcohol,  which  left  a  brownish  white  crystalline  powder,  more  of 
which  was  afterwards  recovered  from  the  alcoholic  washings. 

This  substance  dissolved  very  readily  in  water;  the  solution  was 
decidedly  alkaline  to  red  litmus,  but  not  to  turmeric. 

It  dissolved  very  sparingly,  even  in  boiling  alcohol,  which  sufl&ced 
to  distinguish  it  from  kreatinine. 

Ether  did  not  dissolve  it. 

When  heated  in  a  test-tube,  it  resisted  a  considerable  degree  of 
heat  without  change,  but  finally  fused,  evolved  ammonia,  and  left 
a  very  bulky  coal.  None  of  the  substance  sublimed  unchanged, 
proving  that  it  was  not  sarcosine. 

The  aqueous  solution  was  not  precipitated  by  alcohol,  even  on 
adding  sulphuric  acid. 

When  dissolved  in  a  drop  of  hydrochloric  acid,  and  evaporated 
upon  a  slip  of  glass,  no  well-marked  crystals  were  obtained;  but, 
on  adding  a  little  bichloride  of  platinum,  and  again  evaporating, 
very  distinct  cubes  were  perceptible. 

The  concentrated  solution  of  the  base  in  hydrochloric  acid  was 
not  precipitated  by  bichloride  of  platinum. 

The  hydrochloric  solution,  evaporated  in  vacuo,  left  a  gummy 
mass. 

Chloride  of  mercury  (corrosive  sublimate)  added  to  the  aqueous 
solution,  gave  a  white  precipitate,  which  coagulated  in  a  curious 
manner  when  heated. 

(10'36  grs.  of  this  compound,  dried  in  vacuo,  lost  no  more  at 
212^.  Dissolved  in  nitric  acid,  the  mercury  determined  as  sul- 
phide, gave  5808  per  cent.  The  chlorine  amounted  to  11*45  per 
cent) . 

Terchloride  of  gold  gave  a  yellow  flocculent  precipitate  in  the 
aqueous  solution. 

The  crystals  suffered  no  appreciable  diminution  when  dried  in 
vacuo  and  in  the  water-oven.* 


*  Although  I  have  made  an  ultimate  analysis  of  this  base,  the  circumstances  of 
my  having  so  small  a  quantity  to  operate  upon,  of  my  not  being  able  to  obtain  a 
trustworthy  determination  of  the  equivalent  number,  and,  above  all.  my  doubt  as  to 
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12.  Being  desirous  of  satisfying  myself  as  to  the  nature  of  the 
volatile  acids  contained  in  the  juice  of  beef,  I  examined  the  acid 
liquid  above  alluded  to  as  obtained  by  distilling  the  aqueous  infu- 
sion with  sulphuric  acid  (6). 

This  liquid  was  mixed  with  an  excess  of  baryta- water,  evaporated 
to  a  small  bulkj  filtered  from  the  separated  carbonate,  and  further 
evaporated  in  vacuo,  when  it  deposited  a  hard  crystalline  salt. 

17*01  grs.  of  the  crystals,  dried  in  vacuo  and  incinerated,  gave 
10' 76  grs.  carbonate  of  baryta,  representing  49'09  per  cent,  of 
baryta, 

Butyrate  of  baryta  (BaO.  CgH^Og),  should  have  furnished  49"  19 
per  cent. 

The  properties  of  the  salt  also  agreed  perfectly  with  those  of 
the  butyrate.* 

The  mother-liquor  from  the  crystals  of  butyrate  of  baryta  was 
evaporated  to  dryness  in  vacuo. 

21  ■22  grs.  of  the  residue,  when  incinerated,  gave  14*13  grs. 
carbonate  of  baryta  =  51"  7  per  cent,  of  baryta. 

Metacetate  of  baryta  (BaO.  CgH503)  would  have  given  54*1  per 
cent.,  so  that  there  is  room  for  the  supposition  that  the  salt 
was  a  mixture  of  the  butyrate  with  a  little  metacetate  of  baryta, 
though  I  was  rather  inclined,  from  other  circumstances,  to  attri- 
bute the  observed  excess  to  a  little  carbonate  of  baryta,  which  the 
salt  was  found  to  contain.     I  had  not  sufficient  to  enable  me  to 

the  absolute  purity  of  the  small  specimen  analysed,  makes  me  very  diffident  in 
quoting  the  results,  although  they  appear  to  agree  passably  -well  with  those  calcu- 
lated. 

I. — 5'88  grs.  of  substance,  ignited  with  soda-lime,  gave  23'13  grs.  of  the  double  chlo- 
ride of  platinum  and  ammonium  =  1-4508  nitrogen  =  24'67  percent.     (The 
platinum  salt,  when  ignited,  gave  lO'lT  grs.  platinum,  instead  of  10'22.) 
IT. — 3'69  grs.,  burnt  with  oxide  of  copper,  gave  6.20  grs.  carbonic  acid  and  2'18  grs. 

water ;  45"82  per  cent,  carbon,  and  6'56  per  cent,  hydrogen. 
III. — 2'24  grs.  gave  3"3  gi-s.  carbonic  acid,  and  1-3S  grs.  water,  representing  45'41 

per  cent,  carbon,  and  6'S4  per  cent,  hydrogen. 
The  mean  of  these  analyses  would  give  the  empirical  formula  Cjg  Hjj  X3  0.. 

Calculated.  Found. 

45-61 

6-70 

24-67 

23-02 


Carbon 

13 

45-61 

Hydrogen 

11 

6-44 

Nitrogen 

3 

24-56 

Oxygen 

5 

23-39 

10000  10000 

*  It  is  worthy  of  remark  that  this  salt  was  perfectly  anhydrous,  although  crystallised 
in  the  cold ;  I  do  not  remember  that  any  form  of  crystallised  butyi-ate  of  baryta  but 
those  with  2  and  4  eqs.  Aq.  had  yet  been  noticed. 
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decide  the  point.  When  this  salt  was  again  dissolved  in  water, 
and  the  solution  was  evaporated  in  vacuo,  it  gave  a  transparent 
viscid  liquid,  which  became  opaque  and  solid  when  briskly  stirred, 
being  converted  into  a  mass  of  minute  crystals,  which  appeared, 
under  the  microscope,  precisely  similar  to  those  of  the  butyrate. 
When  distilled  with  dilute  sulphuric  acid,  it  furnished  a  Hquid 
closely  resembling  an  aqueous  solution  of  butyric  acid. 

13.  The  crystals  which  were  deposited  from  the  aqueous  fluid 
before  distillation  with  sulphuric  acid,  on  standing  for  ten  or 
twelve  weeks  (5),  deserve  a  few  remarks. 

They  were  exceedingly  lieavy,  and  although  they  burnt  entirely 
away  when  lieated  on  platinum,  they  were  insoluble  in  boiling 
water,  alcohol,  and  ether. 

Under  the  microscope,  they  appeared  to  be  four-sided  rectan- 
gular prisms. 

Heated  on  the  water-bath,  they  fused  to  minute  globules  having 
a  crystalline  fracture. 

Heated  on  platinum,  they  evolved  a  very  decided  odour  of 
nitrogenised  organic  matter. 

Dissolved  on  heating  with  hydrochloric  acid ;  not  reprecipitated 
by  ammonia. 

Dissolved  by  potassa,  on  boiling ;  the  solution  was  not  altered 
by  hydrochloric  acid,  and  gave  no  dark  precipitate  with  acetate  of 
lead. 

Ammonia  dissolved  it,  with  some  difficulty,  on  boiling. 
Dilute  sulphuric  acid  dissolved  it,  on  boiling. 
Concentrated  sulphuric  acid  dissolved  it ;  the  solution  was  not 
precipitated  by  water. 

Concentrated  nitric  acid  rendered  the  crystals  white  and  opaque, 
but  dissolved  them  with  difficulty;  on  allowing  the  solution  to 
evaporate  slowly  upon  a  water-bath,  it  deposited,  on  cooling,  very 
lustrous  crystals,  apparently  oblique  rhombic  prisms.  (No  oxalic 
acid  vras  found  in  the  nitric  solution.)  These  prisms  became 
opaque  when  washed  with  cold  water;  they  dissolved  on  heating 
with  water;  the  solution  gave  a  white  precipitate  with  nitrate  of 
silver  which  was  insoluble  in  cold  concentrated  nitric  acid,  but 
dissolved  on  heating,  and  was  deposited  again  in  delicate  needles 
when  the  solution  cooled. 

The  following  are  the  chief  points  to  which  it  has  been  espe- 
cially desired  to  call  attention  by  these  remarks. 

1.  That  in  this  particular  case,  the  quantity  of  lactic  acid  must 
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have  been  so  small  that  even  its  existence  in  the  juice  has  not  been 
satisfactorily  made  out. 

2.  That,  instead  of  lactic  acid,  a  crystallised  acid  containing 
nitrogen  has  been  obtained,  though  its  composition  has  not  been 
determined. 

3.  That  a  crystallised  base  has  been  obtained,  very  rich  in 
nitrogen,  and  sparingly  soluble  in  alcohol,  though  readily  dis- 
solved by  water. 

4*.  That  the  volatile  portion  of  the  acid  constituents  of  the  juice 
of  beef  consists  almost,  if  not  quite,  entirely  of  butyric  acid. 

5.  That  there  was  extracted  from  the  juice  an  easily  fusible 
crystalline  organic  substance  containing  nitrogen,  insoluble  in 
water,  alcohol,  and  ether,  and  yielding  a  crystalline  compound 
when  boiled  with  concentrated  nitric  acid. 


I  have  been  induced  to  submit  these  results  to  the  Society,  less 
by  attributing  to  them  any  merit  in  their  present  incomplete 
state,  than  by  the  hope  that  T  might  have  thus  acted  as  a  pioneer 
for  some  investigator  with  more  leisure,  who  might  add  an  exact 
description  of  these  substances  to  the  records  of  chemical  science. 

I  must  beg  my  friend  Dr.  Miller  to  accept  my  thanks  for  the 
kind  advice  which  I  bave  received  from  him  in  prosecuting  these 
experiments. 


XVI. — On  the  Fatty  Matters  of  Human  Excrements  in  Disease. 
By  W.  Marcet,  M.D.,  F.C.S., 

ASSISTANT    PHYSICIAN    TO    THE    WESTMINSTEB    HOSPITAL,    ETC.,    ETC. 

It  has  often  been  noticed  that  excessive  quantities  of  fats  are 
voided  by  the  motions  in  certain  diseases ;  but  no  attempt  having 
been  made  to  separate  these  fatty  substances  from  each  other,  and 
obtain  them  in  the  form  of  Immediate  Principles,  I  have  under- 
taken this  task  in  one  case,  by  adopting  a  method  of  investigation 
similar  to  that  which  I  had  made  use  of  for  the  analysis  of  healthy 
excrements.  The  case  in  question  is  that  of  a  man  who  was  for  a 
long    time   my  patient    at  the  Westminster  Hospital,  labouring. 
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apparently,  under  disease  of  the  kidneys.  From  his  excessive 
emaciation,  it  was  evident  that  the  assimilation  was  very  defective, 
and,  with  the  view  of  cndeavonrino-  to  obtain  some  further  insight 
into  the  nature  of  the  disease,  his  faeces  were  submitted  to  exami- 
nation. They  had  the  consistence  of  putty,  a  yellow  grey  colour, 
and  a  strongly  acid  reaction.  When  boiled  with  alcohol,  they 
formed  an  homogeneous  mass,  v.hich,  being  squeezed  in  a  muslin 
bag,  jdelded  a  turbid  alcoholic  fluid ;  this  was  now  filtered  through 
filtering  paper,  and  the  insoluble  residue  exhausted  with  boiling 
alcohol.  On  cooling,  an  abundant  crystalline  deposit,  quite  free 
from  colouring  matter,  occurred  in  the  solution.  In  order  to 
analyse  the  deposit,  it  was  collected  on  a  filter,  and  the  filtrate 
was  left  to  evaporate  spontaneously.  I  removed  the  deposit  to  a 
flask,  and  then  treated  it  with  ether,  until  nothing  more  was  dis- 
solved ;  by  so  doing,  the  crystalline  mass  was  divided  into  a  sub- 
stance insoluble  in  ether,  and  one  which  was  soluble  in  this  fluid. 
The  substance  insoluble  in  ether  dissolved  in  hot  alcohol,  but  was 
sparingly  soluble  in  cold  alcohol;  the  solution  had  an  acid  reaction. 
The  crystals  were  soluble  in  hot  water ;  but  the  addition  of  cold 
water  to  the  alcoholic  solution,  induced  the  formation  of  a  cloudy 
precipitate,  and  the  fluid  gradually  became  neutral. 

This  compound  fused  at  a  temperature  ranging  between 
100^  and  103°  C.  When  the  aqueous  solution  was  mixed  with 
hydrochloric  acid,  the  liquid  deposited  white  flakes;  these  were 
collected  on  a  filter,  and  the  acid  filtrate  being  evaporated  to 
dryness,  left  a  residue,  which  did  not  clear  on  the  application 
of  a  strong  heat,  and  was  found  to  consist  of  nothing  but 
chloride  of  sodium.  The  white  precipitate  being  washed  with 
water  till  the  washings  ceased  to  give  a  precipitate  in  a  solution 
of  nitrate  of  silver,  was  treated  with  ether,  when  it  dissolved, 
resuming  its  crystalline  form  by  spontaneous  evaporation ;  the 
crystals  were  also  soluble  in  hot  alcohol.  They  fused  at  66°  C. 
and  reappeared  at  64°  C.  When  burnt  on  a  platinum  spatula, 
this  substance  charred,  ignited,  and  left  no  residue. 

In  short,  there  could  be  no  doubt  but  that  it  was  stearic  acid  ; 
consequently,  it  appeared  very  probable  that  the  original  compound 
insoluble  in  ether  was  the  bistearate  or  the  stearate  of  soda.  The 
fact  was  placed  beyond  doubt  by  a  quantitative  analysis  of  the 
substance.  For  this  purpose,  a  sample  of  the  compound,  thoroughly 
exhausted  with  ether,  was  dried  over  sulphuric  acid,  under  the  air- 
pump,  until  it  ceased  to  lose  weight ;  it  was  then  found  to  weigh 
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0*275  grammes.  The  substance  was  now  dissolved  in  hot  water, 
(being  insoluble  in  cold  water)  and  decomposed  with  hydrochloric 
acid  in  excess,  when  an  abundant  flocculent  precipitate  of  fatty 
acid  occurred.  The  precipitate  collected  on  a  filter,  and  washed 
with  distilled  water  (till  the  Avashing  ceased  to  produce  a  hazi- 
ness in  a  solution  of  nitrate  of  silver),  was  removed  into  a 
weighed  watch-glass,  to  be  dried  over  sulphuric  acid  under  the 
air-pump.  In  order  to  avoid  losing  a  trace  of  the  fatty  acid, 
the  filter  itself  Avas  treated  with  ether,  and  the  solution  evapo- 
rated to  dryness  in  a  weighed  watch-glass,  which,  when  dried 
under  the  air-pump,  gave  only  0'006  grammes  of  the  substance. 
The  whole  weight  of  the  perfectly  dry  fatty  acid  was  0*259; 
therefore,  0*275  grammes  of  the  compound  submitted  to  analysis, 
consisted  of 

0*259  grammes  of  stearic  acid, 
and  0*016  grammes  of  soda. 


0-275 

or,  100  parts  contained 

94' 18  of  stearic  acid, 
and     5*82  of  soda. 

100*00 

Chevreul  found  100  parts  of  bistearate  of  soda  to  consist  of 

Stearic  acid    .     .     .     g-l'SS 
Soda 5-67 


100-00 


Consequently,  the    substance   under   examination  was  bistearate 
of  soda. 

It  is  the  first  time,  I  believe,  that  bistearate  of  soda  has  been 
extracted  directly  from  the  animal  body,  and,  consequently,  in  the 
form  of  an  Immediate  Principle.  Its  separation  from  the  other 
fatty  acids  is  very  easy,  on  account  of  the  circumstance  that  this 
compound  is  insoluble  in  ether;  and  it  is  readily  distinguished 
from  the  other  soaps  by  its  property  of  crystallising  in  a  concen- 
trated alcoholic  solution  as  soon  as  the  fluid  has  become  cold,  whilst 
the  other  compounds  of  fatty  acid  and  soda  solidify  from  their 
solution  in   alcohol,  in  the  form   of  a  gelatinous  deposit,   which 
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crystallises  on  standing,  after  some  time  has  elapsed.  Bistearate 
of  soda  was  first  obtained  by  Chevreul  by  dissolving  1  part  of 
stearate  of  soda  in  2000  or  3000  parts  of  hot  water,  filtering  the  liquor 
when  cold,  washing  the  deposit,  drying  it  and  treating  it  with  hot 
alcohol ;  the  solution,  when  cold,  deposited  bistearate  of  soda.* 

In  no  case  have  I  detected  this  compound  as  an  Immediate 
Principle  of  healthy  human  evacuations ;  it  is,  consequently,  a 
morbid  product,  resulting,  in  all  probability,  from  the  action  of 
abnormally  large  quantities  of  free  acids  in  the  intestinal  canal : 
the  very  acid  reaction  of  the  excrements  supports  this  view. 
Healthy  human  faeces  yield  margarate  of  lime  and  margarate  of 
magnesia;  if  they  contain  any  soda  or  potash  soap  at  all,  it  must 
be  in  very  small  quantities.  Free  fatty  acids  do  not  exist  in 
healthy  human  evacuations,  unless  a  comparatively  large  amount 
of  vegetable  food  has  been  taken ;  and  in  these  cases  I  have  not 
detected  the  presence  of  any  bistearate. 

The  excrements  in  the  present  instance  yielded  not  only  bis- 
tearate of  soda,  but  a  considerable  quantity  of  free  fatty  acids, 
which  most  probably  depended,  as  I  shall  presently  show,  on 
the    functions   of  the  pancreas  and  liver  being  arrested. 

The  alcoholic  filtrate  from  the  bistearate  of  soda,  gave  on  stand- 
ing, another  crop  of  crystals,  consisting  of  a  mixture  of  bistearate 
of  soda  and  of  fatty  acid.  By  treating  these  various  deposits  with 
ether,  a  substance  was  dissolved  which  crystallised  by  spontaneous 
evaporation,  and  proved  to  be  a  mixture  of  stearic  and  margaric 
acids,  the  former  being  in  excess.  The  crystallised  deposit  pos- 
sessed the  following  characters.  The  crystals  occurred  under  the 
form  of  small  white  masses,  exhibiting  under  the  microscope  groups 
of  needles  radiating  from  the  centre  to  the  periphery.  They  fused 
at  a  temperature  of  60°C,  which,  according  to  Gottlieb," corre- 
sponds to  a  mixture  of  eighteen  parts  of  stearic  with  ten  parts  of 
margaric  acid ;  they  were  soluble  in  cold  ether  and  in  hot  alcohol, 
and  insoluble  in  water;  tlie  substance  dissolved  in  potash  and 
could  be  precipitated  in  this  alkaline  liquor  by  means  of  hydro- 
chloric acid ;  when  heated  on  the  platina-kuife,  the  crystals  fused, 
ignited,  and  finally  left  no  residue.  These  characters  are  precisely 
those  of  the  above-mentioned  fatty  acids  ;  the  amount  of  the  mix- 
ture at  my  disposal  did  not  allow  of  the  complete  separation  of 
these  acids  being  effected. 

*  Kecherches  Chimiques  sur  ies  corps  gia:-  d'origine  animalc.     Far  M.  J>.  (Jhev  rcul. 
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The  clear  alcoholic  fluid  being  allowed  to  stand  undisturbed  for 
twenty-four  hours,  yielded  another  crop  of  beautifully  white  glis- 
tening crystals.  These  were  submitted  to  examination  and  proved 
to  be  maryaric  acid,  apparently  free  from  stearic  acid.  These 
crystals  dissolved  in  ether  and  hot  alcohol,  and  crystallised  from 
these  solutions ;  the  ethereal  and  alcoholic  fluids  had  an  acid  reac- 
tion ;  the  substance  m  as  insoluble  in  water,  but  dissolved  in  aqua 
potassae.  Hydrochloric  acid  induced  its  precipitation  from  the 
alkaline  liquor.  It  fused  at  53°  Cent.,  and  crystallised,  on  cooling, 
at  49°,  this  low  fusing  point  beiiig  due  pj'obably  to  the  admixture 
of  a  small  quantity  of  oleic  acid  ;  the  ci'ystals  occurred  in  the  form 
of  small  radiating  masses  peculiar  to  margaric  acid  ;  they  burnt 
with  a  fuliginous  flame,  leaving  no  trace  of  ashes. 

The  occurrence  of  such  quantities  of  fatty  acids  in  this  case 
being  considered  in  connection  with  the  condition  of  the  body  of 
the  patient,  is  of  great  interest,  not  only  in  a  chemical  but  also  in 
a  physiological  and  pathological  point  of  view.  The  pancreas  of 
the  patient  was  found,  at  a  j^ost  mortem  examination,  entii'ely  dis- 
organised by  malignant  disease,  and  it  apparently  so  compressed 
the  duct  of  the  gall  bladder  that  no  bile  could  flow  into  the  intes- 
tines. Consequentl}',  the  two  alkaline  intestinal  secretions  were 
wanting,  and  the  fatty  acids  contained  in  the  alimentary  canal 
could  not  be  neutralised.  This  is  an  important  fact  in  favour 
of  Bernard's  view  respecting  the  properties  of  the  pancreatic 
juice. 

I  avail  myself  with  pleasure  of  this  opportunity  to  acknowledge 
the  valuable  aid  I  have  received  from  my  assistant.  Dr.  Frederick 
Dupre  in  these  and  other  investigations. 


XVII. —  Oh  some  of  the  Prodacts  of  Oxydutioa  of  Chinese   Wax. 
By  G.  B.  BucKTON,  Esq.,  F.L.S.,  F.C.S. 

Some  years  have  elapsed  since  Gerhardt  first  pointed  out  the 
analogy  and  connection  which  exists  between  the  monobasic,  so 
called,  fatty  acids,  and  the  series  of  bibasic  acids,  represented 
respectively  by  the  formula  C^^i.^nO^  and  C2nH2n_208. 

lie   showed    that    l)y   careful   fusion   witli   hydrate   of    potassa. 
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several  members  of  the  oue  series  may  be  converted  into  those  of 
the  other.  Thus,  oxalates  are  well  known  to  yield  formiates  by 
dry  distillation,  whilst  by  treatment  with  nitric  acid,  butyric  and 
stearic  acids  have  been  proved  to  yield  succinic  acid. 

More  recently  Dr.  Hofmann  has  pointed  out  the  existence  of  a 
series  of  similar  bibasic  acids  which  correspond  to  the  monobasic 
aromatic  acids.  These  substances  are  likewise  produced  by  the 
action  of  oxydatiou  upon  the  monobasic  acids.  The  bibasic  group, 
corresponding  to  the  aromatic  acids,  is  far  from  being  complete, 
but  the  gi'oup  connected  with  the  fatty  acids  exhibits  at  present 
but  two  gaps  between  oxalic  and  sebacic  acids,  the  terms  with  four 
and  eighteen  carbon  being  wanting. 

There  appeared  some  hope  of  filling  these  vacancies,  and  per- 
haps of  extending  the  series  by  studying  the  action  of  nitric  acid 
upon  some  of  the  fatty  and  waxy  bodies,  which  have  not  yet  been 
examined  with  this  view. 

Professor  Brodie,^  in  his  memoir  read  before  the  Royal  Society, 
has  already  demonstrated  Chinese  wax  to  be  a  fatty  ether,  com- 
pounded of  cerotic  acid,  with  its  corresponding  base  cer^^l, 
^54^53(^54^05)^4'  ^^^  ^^^^  ^y  fusion  with  hydrate  of  potash,  the 
ceryl  gives  up  part  of  its  hydrogen  and  passes  by  oxydatiou  into 
cerotic  acid. 

As  therefore  little  new  offered  itself  in  this  direction,  ]  have 
in  this  paper  wholl}^  confined  myself  to  a  description  of  the 
products  eliminated  by  the  action  of  nitric  acid. 

The  wax  was  broken  into  lumps  and  introduced  into  a  capacious 
retort,  and  heated,  at  first  gently,  with  from  four  to  five  times 
its  bulk  of  acid,  which,  for  this  purpose,  must  be  in  a  concen- 
trated form.  The  strongest  ordinary  nitric  acid  of  commerce  has 
a  sp.  gr.  of  1"39  or  1'40,  and  will  be  found  sufficient  for  the  pur- 
pose. A  condensing  apparatus  was  attached,  but  not  in  such  a 
manner  as  to  permit  the  more  volatile  portions  to  return  on  the 
was,  which  would  have  prevented  the  action  of  the  acid  in  its  full 
strength.  AYhen  ebullition  commenced,  a  large  quantity  of  red 
vapour  passed  over,  and  in  an  hour's  time,  the  contents  of  the 
retort  frothed  much  from  the  increased  viscidity  of  the  waxy  stra- 
tum. After  a  while,  the  action  calmed,  and  when  the  digestion 
had  been  continued  for  three  hours,  it  was  arrested,  the  distillate 
having  been  once  returned  to  the  retort  during  the  interval. 

I  have  found  a  close  adherence  to  one  mode  of  operation  very 

*  Phil.  Trans.  Koy.  Soc.  1848.  Tart  I.,  p.  161. 


168  BUCKTON    ON    i.OME    OF 

desirable.  A  comparatively  slight  alteration  in  the  density  of  the 
acid  employed,  or  an  increase  in  the  time  of  digestion,  modifies 
the  results  and  eliminates  products  of  a  simpler  character  than 
those  desired  for  study. 

After  agitating  the  contents  of  the  retort  with  a  moderate  quan- 
tity of  boiling  water,  the  whole  was  poured  into  a  beaker  and  set 
aside  for  twelve  hours.  The  upper  stratum,  which  had  the  con- 
sistence of  tallow,  was  removed,  and  the  liquid  separated  from  the 
greasy  flakes  which  were  suspended,  by  filtration  through  asbestus. 
The  acid  liquid  was  then  concentrated  to  about  ^  of  the  bulk  of 
the  nitric  acid  originally  used,  and  allowed  to  stand  for  twelve 
hours,  after  the  expiration  of  which  a  crust  had  formed  upon  the 
surface,  which,  when  removed  from  the  liquid,  was  plentifully 
washed  with  cold  water.  The  mass  was  then  rubbed  to  a  paste  in 
a  mortar,  and  again  washed  until  the  rinsings  had  but  a  feeble 
acid  taste. 

<  The  washings  were  added  to  the  first  filtrate  for  subsequent 
concentration  and  examination. 

Prom  a  hot  aqueous  solution,  the  new  substance  crystallises  in 
soft  nodular  masses,  of  a  snowy  whiteness,  which  are,  however, 
contaminated  with  an  oily  substance,  very  difficult  to  separate  by 
simple  crystallization  from  water.  The  mass  was  therefore  placed 
in  paper  and  subjected  to  a  screw  press,  and  after  being  thoroughly 
dried  was  fused  in  a  porcelain  dish.  AVhen  cold  it  was  powdered 
and  agitated  with  a  little  ether,  which  reduced  the  quantity,  but 
removed  the  oily  matter.  The  substance  remaining  on  the  filter 
was  pressed  and  allosved  to  dry  spontaneously.  Another  crystal- 
lisation from  water  furnished  the  substance  pure. 

The  crystals  are  very  minute,  and  are  but  slightly  acid  to  the 
taste,  which  character  is  due  to  their  little  solubility  in  cold 
water.  The  aqueous  solution  easily  reddens  litmus  paper.  Hot 
water  dissolves  the  acid  to  an  almost  unlimited  extent,  and  the 
solution  becomes  densely  white  and  semifluid  on  cooling. 

The  melting  point  of  the  dry  acid  was  taken  from  two  separate 
preparations,  one  of  which  liquefied  at  114°  and  the  other  at  116°. 
From  the  fact  that  a  minute  trace  of  moisture  depresses  the  melting 
point  of  suberic  acid  in  a  marked  degree,  I  am  inclined  to  believe  the 
latter  figure  to  be  the  most  correct.  When  a  film  of  the  melted  acid 
is  allowed  to  cool  under  the  microscope,  it  crystallises  very  distinctly 
and  shoots  into  short  needles  in  all  directions.  The  fused  mass,  when 
cold,  may  be  readily  reduced  to  powder  under  the  pestle. 
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For  analysis,  a  portiou  of  the  substance  was  retained  at  the 
melting  point  until  all  bubbles  of  air  and  moisture  had  disappeared, 
and  then  burnt  with  oxide  of  copper. 

0'2015  grms.  of  substance  gave 
0"4215  „         carbonic  acid  and 

0"15r5  ,,         water 

From  the  percentage  composition  is  deduced  the  formula 

CgHg04J  or  regarding  the  acid  as  bibasic, 

This,  therefore,  represents  the  acid,  hitherto,  I  believe,  unknown, 
intermediate  to  suberic  and  sebacic  acids.  For  comparison  I  annex 
the  percentages  obtained  by  expei'iment  and  those  required  by 
theorv  : — 


New  acid. 

Suberic  acid. 

Theorj-. 

Experiment. 

Sebacic  acid. 

C,fi 

96 

5517 

C,s 

108 

57-44 

57-02 

120 

59-45 

Hh 

14 

8-04 

H,« 

16 

851 

8-68 

Hifi 

18 

8-91 

Os 

64 
174 

36-79 

Os 

64 

34-05 

34-30 

Os 

64 
202 

31-64 

100-00 

188 

100-00 

10000 

100-00 

The  substance  under  examination,  when  strongly  heated,  partly 
decomposes  and  partly  sublimes  in  white  vapours,  which,  although 
inodorous,  exert  a  painful  choaking  sensation  in  the  chest  when 
inhaled. 

This  property,  which,  however,  is  common  to  all  the  known 
acids  in  the  oxalic  series,  with  the  exception  of  pyrotartaric,  has 
suggested  a  name. 

I  propose  to  call  the  acid  Anchoic  Acid,  and  its  salts  Anchoates, 
from  the  Greek  word  a'^-yw,  I  suflfocate.  Ajjart  from  the  varied 
constitution  of  this  acid,  it  will  be  found  to  differ  both  in  crys- 
talline appearance,  in  its  solubility  in  water  and  in  ether,  and  also 
in  its  melting  point,  from  either  of  the  acids  immediately  preced- 
ing and  following  it. 

The  salt  first  analysed  was  the 

AXCHOATE    OF    SILVER. 

This  substance  is  easily  prepared  by  precipitating  v.ith  nitrate 
of  silver  an  aqueous  solution  of  anchoic  acid  which  has  been  pre- 
viously neutralized  by  ammonia. 
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It  is  white  and  flocculent;  and  when  dry  will  bear^  without 
decomposition,  a  temperatui'e  of  120°.  It  is  soluble  in  dilute  acid, 
but  little  soluble  in  water.  The  dry  salt  becomes  highly  electrical 
when  rubbed  in  a  warm  mortar. 

I.     0*2650  gms.  dried  at  110°  when  ignited  gave 
II. 
III. 

These  numbers  correspond  to  the  following  percentages* — 

I.  II.  III. 

Silver  53-35  53-73  5369 

and  to  the  formula 

Ci8(HuAgoJOs 

The  mean  of  the  experiments  compared  with  theory  is  : — 


0-1415 

,     of  metallic  silver. 

0-2075 

,     at  120°  gave 

01115 

,     of  metallic  silver. 

0-3520 

,     at  120°  gave 

0-1890 

,     of  metallic  silver. 

Th 
108 

eory. 

Experimental  mean 

^18 

26-86 

— 

H,4 

14 

3-48 

— 

Ag2 

216 

53-73 

53*57 

Os 

64 

15-93 

— 

402       100-00 


ANCHOATE    OF    BARIUM. 


An  aqueous  solution  of  anchoic  acid  acts  but  feebly  upon  car- 
bonate of  barium,  and  the  liquid  can  only  be  neutralized  by  a 
continued  boiling  -with  an  excess  of  base.  The  neutral  salt,  how- 
ever, is  readily  obtained  by  substituting  hydrate  of  baryta.  The 
solution,  when  evaporated  on  the  water  bath,  forms  a  pellicle  which 
is  at  first  transparent,  but  becomes  opaque  at  100°  from  the  loss  of 
water.  It  is  insoluble  in  alcohol  and  in  ether,  but  very  soluble  in 
water. 

*  The  percentages  of  silver  in  the  two  nearest  allied  salts  are  : — 

Suberate  of  silver.  Sebacatc  of  silver. 

Silver  .         .         .       5567         .         .         .       5191. 
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The  dry  salt  becomes  pasty  by  a  strong  heat,  but  does  not  wholly 
fuse.  It  blackens  and  burns  with  a  smoky  flame,  leaving  a  residue 
of  carbonate  of  barium. 

Samples  from  diflerent  preparations  were  used  for  analysis. 

I.     0-3920  gms.  dried  at  110^  gave  with  sulphuric  acid 

0"2808      „     of  sulphate  of  barium 
II.     0-3460      „     dried  at  115°  gave 
0*2513      „     sulphate  of  barium 

representing  in  100  pai'ts, 

I.  II. 

Barium    ....       42*12         42-68 

the  mean  of  Avhich  closely  accords  with  the  formula, 

Ci3(H,,Ba2)03. 

Theory.  Mean  of  Experiment. 


42-40 


This  solution  does  not  exhibit  definite  crystals,  even  when  con- 
centrated and  viewed  by  a  lens. 

I  have  not  been  able  to  prove  the  bibasic  character  of  anchoic 
acid  by  an  analysis  of  an  acid  barium  salt.  A  weighed  portion  of 
acid  was  exactly  neutralized  with  hydrate  of  baryta  and  added  to 
a  similar  quantity  of  acid.  The  substance,  however,  which  was 
obtained  by  evaporation,  was  found  to  give  up  the  whole  excess  of 
acid  when  digested  with  alcohol,  and  the  neutral  salt  remained 
alone  in  the  filter. 

This  fact  accords  with  the  observation  of  M.  Doepping,  who 
failed  in  obtaining  the  acid  succinate  of  barium  by  a  like  method. 

ACID    ANCHOATE    OF    POTASSIUM. 

That  anchoic  acid  may  be  made  to  combine  with  either  one  or 
two  equivalents  of  l)ase,  can  be  shown  by  the  preparation  of  the 
acid  potassium  salt.  The  above  process  of  semi-neutralization 
was  adopted,  carbonate  of  potassium  being  substituted  for  the 
liarium  salt,  and   the  liquid  was  evaporated   on  the  water-bath  to 


Ci8 

108 

33-43 

Hu 

14 

4-33 

Ba^ 

137 

42-41 

Os 

()4 

19-83 

323 

100-00 
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dryness.  The  crystalline  residue  was  agitated  with  a  small  quan- 
tity of  cold  water,  and  then  filtered  from  a  few  flakes  of  acid, 
which  was,  intentionally,  in  slight  excess.  The  solution  concen- 
trated over  sulphuric  acid  gave  a  colorless  salt,  which  differed  in 
appearance  from  the  neutral  anchoate,  presenting  the  form  of 
circular  or  tubercular  grains  under  the  microscope.  They  are 
soluble  in  about  three  parts  of  cold  water,  but  exceedingly  soluble 
in  hot  water.  INIethylated  spirit  also  dissolves  them  without  diffi- 
culty. They  are  not  deliquescent,  they  have  a  cooling  acid  taste, 
and  bear  a  temperature  of  140°  without  change.  They  begin  to 
lose  their  whiteness  at  160°,  and,  when  further  heated,  give  off 
white  fumes  and  burn  with  a  smoky  flame  and  deposit  of  carbon. 

For  analysis,  the  salt  was  calcined,  and  afterwards  converted  into 
chloride  of  potassium,  by  boiling  with  chloride  of  ammonium. 

0-2634  gms.  of  substance  dried  at  110°  gave,  when  ignited, 
00895        „        chloride  of  potassium 

a  result  which  accords  sufficiently  well  with  the  formula 

Ci8(H,5K)03 

as  may  be  seen  by  comparing  the  experimental  percentage  with 
that  required  by  the  acid  and  neutral  salt. 


"eutral  anchoate  of  potassium. 

Acid  an 

ichoate  0 

f  potassium. 

Experiment. 

Ci8      108       40-90 

r 

108 

47-78 



Hi4        14         5-30 

H:5 

15 

6-63 

— 

K2         78       29-54 

K 

39 

17-25 

17-78 

Og          64       24-26 

Os 

64 

28-34 

— 

264     100-00  226     10-000 

The  composition  of  the  neutral  auchoates  is  therefore  represented 
in  a  general  manner  by  the  expression 

and  the  acid  anchoates  by  the  formula 

The  other  salts  of  anchoic  acid  are  so  similar  in  appearance  and 
properties  to  the  sebacates,  that  a  few  Mords  ouly  need  be  said 
regarding  them. 
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Neutral  anchoate  of  Potassium.  This  substance  is  very  soluble 
in  Avater.  It  gives  on  evaporation  a  confused  crystalline  mass, 
destitute  of  regular  forms. 

Anchoate  of  Ammonium  is  very  soluble  in  water  and  in  alcobolic 
spirit.  The  solid  salt  is  amorphous  and  loses  ammonia  when 
gently  heated. 

Anchoate  of  Sodium  is  more  crystalline  than  the  potassium  salt. 
Sulphuric  acid  throws  down  anchoic  acid  in  a  solid  form^  from 
moderately  strong  solutions. 

Anchoate  of  Zinc  is  a  white  precipitate  formed  when  sulphate  of 
zinc  is  added  to  anchoate  of  potassium. 

Anchoate  of  Copper  forms  a  copious^  blue,  insoluble  precipitate 
when  a  neutral  anchoate  is  decomposed  by  a  copper  salt.  Anchoic 
acid  gives  no  precipitate  under  similar  circumstances. 

Anchoate  of  Lead.  This  substance  appears  in  a  white  bulky 
form  when  anchoate  of  ammonium  is  treated  with  acetate  of  lead. 
It  is  quite  insoluble  in  water,  but  soluble  in  dilute  nitric  acid, 
from  which  solution  anchoic  acid  is  deposited  on  cooling. 

Anchoate  of  Mercurosum  may  be  obtained  by  precipitating 
the  corresponding  nitrate,  by  either  anchoic  acid  or  any  of  its 
soluble  salts. 

Anchoate  of  Mercuricum  may  be  obtained  by  adding  a  neutral 
anchoate  to  a  sohition  of  chloride  of  mercury.  It  forms  a  white 
and  cm'dy  precipitate. 

Anchoate  of  Ethyl.  When  an  alcoholic  solution  of  anchoic  acid 
is  saturated  with  hydrochloric  acid  gas,  the  liquid  rises  in  tempera- 
ture and  the  ether  is  formed,  together  with  abundance  of  chloride 
of  ethyl  vapour.  A  moderate  heat  drives  off  the  excess  of  hydro- 
chloric acid,  and,  after  washing  with  water,  the  ether  may  be 
purified  by  rectification. 

It  is  an  unctuous  liquid,  with  rather  a  pleasant  odour,  but  hot 
and  persistent  taste. 

It  is  almost  wholly  insoluble  in  Avater,  upon  which  it  floats.  It 
readily  mixes  Avith  both  alcohol  and  ether.  Its  boiling  point  is 
about  o25°. 

EXAMINATION    OF    THE    MOTHER    LIQUID    AFTER    REMOAAL    OF 
ANCHOIC    ACID. 

This  liquid,  Avhich  also  contained  the  washings  from  the  former 
acid,  was  evaporated  so  as  to  drive  off  a  further  portion  of  nitric 
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acid,  a  little  water  bein^  added  from  time  to  time,  and  the  whole 
being  stirred  to  prevent  the  substances  in  solution  becoming 
brown, "^ 

When  sufficiently  concentrated,  a  small  portion  of  water  was 
added  and  the  fluid  set  apart  for  twelve  hours  to  crystallise.  The 
crop  of  crystals  was  removed,  Avashed  with  a  little  water,  and  after 
draining  on  a  tile,  was  dried  at  a  gentle  heat.  Traces  of  anchoic 
acid  were  removed  by  agitation  with  a  little  ether,  and  afterwards 
the  substance  was  purified  by  two  crystallisations  from  water. 

The  crystals,  which  were  much  larger  than  those  obtained  from 
anchoic  acid,  were  also  much  more  soluble  in  water.  Ether,  on 
the  contrary,  exhibited  a  less  solvent  action  upon  them.  They 
had  a  strong  acid  taste,  and  the  dry  acid  had  a  melting  point  of 
126°. 

0'1924  gms.  of  substance  gave 
0"3878         „        carbonic  acid  and 
0-1420         „       Avater 

The  substance,  therefore,  was  clearly  suberic  acid,  the  formula 
calculated  from  the  percentage  being 

The  numbers  required  by  theory  and  obtained  by  experiment 
are 


Suberic  acid. 

Experiment. 

C,6      96 

55-17 

54-93 

Hu     1^ 

8-04 

8-19 

Os        64 

36-79 

36-88 

174     100-00  100-00 

As  a  check  upon  the  foregoing  analysis,  a  barium  salt  was  pre- 
pared from  a  portion  of  the  acid,  and  afterwards  decomposed  by 
sulphuric  acid. 

0-3235  gms.  dried  at  115°  gave 
0-2633     „       sulphate  of  barium. 


•  If  the  concentration  be  carried  too  far,  a  violent  reaction  sets  in;   red  vapours 
are  produced,  and  the  maHS,  if  larf?e,  is  liable  to  take  fire  spontaneously. 
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Suberate  of  barium  Ci6Hj2Ba20g  contains  in  100  parts. 

Theory.  Experiment. 

Barium       .         .     44-33  44-42 

There  can,  therefore,  be  no  doubt  that  suberic  acid  is  one  of 
the  chief  products  of  the  action  of  nitric  acid  on  Chinese  wax. 
The  greater  or  less  amount  eliminated  depends  mainly  upon  the 
duration  of  the  action. 


EXAMINATION    OF    THE    LIQUID    AFTER    THE    SEPARATION    OF 
SUBERIC    ACID. 

This  filtrate  obviously  contained  other  substances  more  soluble 
and  less  crystalline  than  either  of  the  two  acids  above  described. 
By  further  evaporation  and  draining  the  mother  liquor  from  the 
mass,  and  by  subsequent  pressure  between  paper,  a  crystalline  sub- 
stance was  obtained.  Avhicli  was  exceedingly  soluble  in  ether  and  in 
alcohol.  I  could  procure  only  a  small  portion  in  a  state  of  purity, 
finding  it  very  difficult  to  remove  other  acid  bodies,  which  had  the 
consistence  of  tallow. 

The  sample  taken  for  analysis  had  a  melting  point  of  110°.  By 
combustion  with  oxide  of  copper, 

0-3204  gms.  of  substance  gave 
0-6202         ,,       carbonic  acid  and 
0-2226         „       water. 


indicating  the  formula, 


^  14"l2^8' 


which  is  that  of  pimelic  acid,  obtained  by  Laurent  from  bees'- 
wax,  spermaceti,  and  other  fatty  bodies. 

Annexed   are  the  percentages  required  by  theory  and  found  by 
experiment : — 

Theorj'.  Experiment 


C,4 

84 

52-50 

52-46 

^^9 

12 

7-50 

7-70 

Os 

64 

40-00 

39-84 

160     10000  100-00 

I  have  not  further  examined  the  remaining   acids  contained  in 
the  mother  liquid,  since  it  would  scarcely  repay  the  tedium  and 
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labour  of  separating  them  from  each  other.  Also  the  fact  that 
adipic  and  other  lower  acids  have  been  already  obtained  by  both 
Malaguti  and  Laurent  from  similar  sources,  made  a  more 
extended  inquiry  in  this  direction  unnecessary. 

I  have  found  that  no  advantage  is  gained  in  preparing  anchoic 
and  similar  acids  by  substituting  cerotic  acid  for  Chinese  wax. 
Cerotic  acid  is  more  inert  to  the  action  of  nitric  acid  than  either 
eery  lie  alcohol  or  the  wax  itself;  and  I  am  inclined  to  believe  that 
the  elimination  of  these  acids  is  principally  due  to  the  decompo- 
sition of  the  ceryl  in  the  wax. 

Experiment  proves  that  a  prolonged  digestion  with  nitric  acid, 
such  as  for  twentv-four  hours,  resolves  both  Chinese  wax  and  cerotic 
acid  into  an  oily  body  slightly  soluble  in  hot  water.  This  oil  does 
not  appear  to  yield  anchoic  acid  by  further  treatment."^ 

On  the  other  hand,  cerylic  alcohol,  C^^H^^Oo,  produces  the 
soluble  acids  of  the  class  without  difficulty. 

Before  dismissing  this  portion  of  the  subject,  a  few  remarks  may 
be  offered  upon  the  melting  points  obtained,  which,  in  the  case  of 
anchoic  acid,  is  perhaps  somewhat  different  from  what  we  might 
have  expected.  It  cannot,  we  think,  be  doubted  that  there  is  a 
relationship  between  the  composition  and  the  points  of  liquefication 
in  these  bodies. 

There  is,  however,  an  apparent  anomaly  in  the  various  acids  of 
the  class.  Thus  succinic  acid,  with  eight  equivalents  of  carbon, 
melts  at  180°;  adipic,  with  fourteen  of  carbon,  at  14;5°;  suberic, 
with  sixteen  carbon,  at  125° ;  anchoic  acid,  with  eighteen  carbon, 
at  118° ;  and  sebacic  acid,  with  twenty  carbon,  as  high  as 
127°. 

Gottlieb  and  Heintzf  have  shown  that  any  two  fatty  acids 
may  form  a  mixture  with  a  melting  point  much  lower  than  that  of 
either  of  them  in  a  state  of  purity,  an  observation  which  also 
applies  to  several  alloys.  HeintzJ  has  even  been  led  to  believe 
in  a  sort  of  allotropism  in  stearin,  from  its  having  two  constant 
melting  points.  As  therefore  a  comparatively  minute  impurity 
varies  the  scale  so  remarkably,  I  think  the  fusing  points,  by  them- 
selves, can  be  little  relied  upon  as  a  distinctive  character. 

*  I  have  only  slightly  examined  the  nature  of  this  oil.  It  is  heavier  than  water 
and  obviously  is  a  mixture  of  several  bodies,  which  decompose  at  a  temperature  below 
that  at  which  they  can  be  distilled  per  se. 

t  Bericht  der  Akad.  der  Wiss.  zu  Berlin,  1854,  p.  207.     Chem.  Gazette,  vol.  xii 
p.  373. 

X  Poffgendorff  Annalen,  vol.  xoiii.  p.  431. 
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ON    THE    VOLATJLE    ACIDS    PRESENT    IN    THE    DISTILLATE    FROM 
CHINESE    WAX    AND    NITRIC    ACID. 

When  the  red  vapours  Avhich  are  abundantly  disengaged  at  the 
commencement  of  the  reaction  are  passed  through  a  condenser,  a 
bright  emerald  green  liquid  is  obtained,  upon  which  a  few  drops 
of  a  highly  volatile  oil  float,  ha-\dug  a  pleasant  odour  and  peculiar 
aromatic  taste.  It  was  too  small  in  quantity  for  close  examination, 
but  as  it  distilled  unchanged  from  weak  potash  it  might  have  been 
one  of  the  higher  alcohols.  The  greeu  colour  of  the  distillate  was 
very  evanescent,  and  appeared  to  be  due  to  traces  of  the  oil  (which 
Mr.  Brodie  states  may  be  extracted  in  small  quantity  from  Chi- 
nese wax),  being  acted  upon  by  hyponitric  acid.  Messrs.  Boudet 
and  Fan  re  have  shown  that  a  variety  of  tints  may  be  produced 
by  the  combination  of  hyponitric  acid  with  different  fatty  bodies. 

During  the  early  stages,  whilst  little  nitric  acid  passes  over,  a 
distinct  odour  of  hydrocyanic  acid  is  perceptible,  but  as  the  heat 
is  raised  it  disappears,  and  gives  place  to  a  strong  rancid  smell  of 
butyric  acid.  The  first  distillate  was  placed  in  a  retort,  and  again 
distilled,  until  nitric  acid  began  to  pass  somewhat  freely.  The 
second  distillate  was  then  filtered  from  a  small  quantity  of  oil 
which  floated,  and  neutralized  with  carbonate  of  barium,  the 
nitrate  of  barium  being  parted  by  crystallisation.  The  mother- 
liquor  was  carried  nearly  to  dryness  on  the  water-bath,  and  digested 
with  alcohol,  which  separated  a  small  quantity  of  caprylate  of 
barium. 

The  two  next  crops  of  crystals  which  appeared  from  spontaneous 
evaporation  were  removed  and  purified  by  recrystallisation. 

0"2528  gms.  of  substance  gave 
O-loOO      ,,     of  sulphate  of  barium, 

proving  this  salt  to  be   oenanthylate   of   barium,   the  formula   of 
which  is 

C,,H,3BaO„ 

and  requires 

Theory.        Experiment. 
Barium     .     .       34-16  34-53 

Although  the  number  obtained  is  a  little  high,  the  salt  cannot 
be  confounded  with  that  next  in  the  series.  Caprylate  of  barium 
is  quite  insoluble  in  alcohol.  With  dilute  sulphuric  acid  an  oil 
was  disengaged,  which  was  soluble  in  an  excess  of  water. 

N 
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The  mother-liquor  from  the  oenanthylate  of  barium,  gave,  on 
further  evaporation,  a  transparent  pellicle,  which  was  also  analysed. 
The  substance  was  di'iecl  at  105°,  and  the  amount  of  barium,  esti- 
mated in  the  usual  manner,  was  found  to  accord  with  that 
required  for  anhydrous  butyrate  of  barium,  within  five-tenths  of 
a  per  cent. 

As  I  had  plenty  of  the  salt  at  my  disposal,  it  was  distilled  with 
dilute  sulphuric  acid,  and  the  acid  distillate  was  partially  neutralized 
with  potash  and  again  distilled.  The  condensed  liquid  which  had 
the  well  known  odour  of  butyric  acid,  was  neutralized  with  ammo- 
nia and  precipitated  with  a  solution  of  nitrate  of  silver. 

0'3094  gms.  when  ignited,  gave 
0-1710      „     of  reduced  silver. 

The  percentage  composition  is  almost  identical  with  that 
required  by  the  formula 

CsH.AgO, 

Theory.       Experiment. 
Silver  in  butyrate  of  silver     .     .       55'38         55*34 

Lastly,  the  oil  separated  by  filtration  from  the  distillate  was 
examined.  It  had  all  the  properties  of  caprylic  acid.  It  was 
distilled  with  water,  the  vapour  of  which  carried  over  a  sufficient 
quantity  to  form  a  silver  salt. 

0'4404  gms.  dried  in  vacuo,  gave 
0'1890      „     of  reduced  silver, 

which  corresponds  to  the  formula 

CigH^^AgO^ 

Theory.       Experiment. 
Silver  in  caprylate  of  silver    .     .       43-02         42-91 

I  am  disappointed  not  to  be  able  to  prove  pelargonic  acid  to  be 
one  of  the  products  of  decomposition  of  Chinese  wax  by  nitric 
acid.  The  fact  that  acetic  acid  may  be  transformed  into  oxalic 
acid,  and  butyric  into  succinic.  Would  lead  us  to  expect,  that 
pelargonic  acid,  by  assuming  oxygen  and  eliminating  water  would 
similarly  yield  anchoic  acid.  The  list  of  products,  however,  is  by 
no  means  complete,  and  probably  a  careful  separation  of  the  fatty 
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mass  wliicli  is  insoluble  in  water,  and  wliicli  remains  after  digestion 
with  nitric  acid  may  bring  it  to  light. 

In  conclusion,  I  may  express  a  doubt  as  to  pyrotartaric  acid 
being  really  a  member  of  the  series  C2^ll.2j^_^Og.  From  its  well 
known  constitution,  several  chemists  have  included  it  in  the  group, 
yet  its  general  properties  show  but  little  accordance  with  those 
of  either  succinic  or  adipic  acids  between  which  it  is  placed.  If 
we  consider  its  different  mode  of  production,  its  fluidity  at  so  low 
a  temperature  as  10°  C,  its  volatility  without  decomposition,  and 
the  non-irritability  of  its  vapour  when  inhaled — characters  the 
reverse  of  those  exhibited  by  the  rest  of  the  series,  there  is  room 
to  believe  it  to  be  only  a  polymeric  body,  and  that  the  true  term 
is  still  a  desideratum.^ 

*  M.  Schlieper  seems  to  have  obtained  an  acid  with  the  composition  of  pyro- 
tartaric, by  acting  on  sebacic  acid  with  nitric  acid.  The  reaction,  however,  has  failed 
in  the  hand  of  M.  Bouis,  who  simply  obtained  succinic  acid. 

Ann.  der  Chem.  LXX.  121,  and  Gerhardt's  Trait6  de  Chem.  vol.  2,  p.  64. 
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PROCEEDINGS 


MEETINGS  OF  THE  CHEMICAL  SOCIETY. 


Anniversary  Meeting, — March  31,   1857. 
Dr.  Miller,  President,  in  the  Chair. 

The  following  Report  was  read  hy  the  President : — 

REPORT  OF  THE  PRESIDENT  AND  COUNCIL. 

The  past  year  has  been  an  important  one  in  the  history  of  the 
Chemical  Society,  since,  during  that  period,  the  Society  has 
become  more  intimately  associated  with  the  Royal  Society,  and 
has  received  apartments  from  Government  in  Burlington  House, 
conjointly  with  the  Royal  and  Linntean  Societies. 

It  is  well  known  to  a  large  number  of  our  Fellows,  that,  for 
some  years  past,  the  principal  scientific  bodies  in  London  have 
been  pressing  upon  the  attention  of  the  Government  the  impor- 
tance of  the  juxta-position  of  these  bodies  in  a  convenient  and 
central  locality;  and,  as  result  of  these  efforts,  the  Government, 
last  spring,  entered  into  communication  with  the  Presidents  of  the 
learned  Societies  then  located  in  Somerset  House,  offering  them 
rooms  in  Burlington  House  in  exchange  for  those  which  they  then 
held.  The  Geological  and  Astronomical  Societies  considered  that  the 
accommodation  they  already  possessed  was  preferable  to  that  offered 
at  Burlington  House,  and  declined  the  proposal.  Application  was 
then  made  by  the  Royal  Society  to  the  Government  for  enlarged 
accommodation  for  themselves,  and  for  the  Chemical  and  Linnaean 
Societies ;  in  reply  to  which  application  the  following  letter  was 
addressed  by  the  Secretary  of  the  Treasury  to  the  President  of 
tlie  Roval  Society  : — 
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Treasury  Chambers, 

22nd  May,  1856. 

"My  Lord, — I  am  directed  by  the  Lords  Commissioners  of 
Her  Majesty's  Treasury  to  acquaint  your  Lordship,  with  reference 
to  the  vieM's  set  forth  in  your  letter  to  the  Duke  of  Argyll  of  the 
30th  ult.,  which  has  been  laid  before  this  Board,  that  Her 
Majesty's  Government  are  not  at  present  in  a  position  to  enable 
them  to  state  any  definite  views  with  respect  to  the  project  for  the 
juxtaposition  of  the  principal  Scientific  Societies  in  a  building  to 
be  erected  in  a  convenient  and  central  locality. 

"  I  have  to  state  that  their  Lordships  are,  however,  prepared  so 
far  to  concede  to  the  views  advanced  by  your  Lordship  on  behalf 
of  a  large  number  of  persons  connected  Avith  science,  as  to  allow 
the  temporary  location  of  the  Linnsean  and  Chemical  Societies,  in 
conjunction  with  the  Royal  Society,  in  the  present  building  of 
Burlington  House,  on  the  following  conditions,  viz. — 

"1.  That  the  removal  of  the  Royal  Society  from  Somerset 
House  shall  not  prejudice  the  position  of  the  other  Societies 
located  in  that  building,  in  regard  to  the  terms  on  which  they  are 
permitted  to  occupy  their  present  apartments. 

'^  2.  That  the  Royal  Society  shall  be  put  in  possession  of  the 
main  building  of  Burlington  House,  on  the  understanding  that 
they  will,  in  communication  with  the  Linnsean  and  Chemical 
Societies,  assign  suitable  accommodation  therein  for  those  bodies. 

"  3.  A  common  Library  to  be  formed  for  the  use  of  the  three 
Societies,  on  the  understanding  that  suitable  arrangements  shall 
be  made  for  the  admission  thereto,  for  purposes  of  reference  and 
study,  of  men  of  letters  and  science,  on  orders  given  by  Fellows 
of  the  three  Societies. 

"4.  The  Societies  to  be  allowed  the  use  of  the  Hall  which  it  is 
proposed  to  construct  in  the  West  Wing  of  Burlington  House,  at 
such  times  as  it  may  not  be  required  by  the  Senate  of  the  Uni- 
versity of  London,  it  being  distinctly  understood  that  this  permis- 
sion is  to  be  so  exercised  as  not  in  any  way  to  interfere  with  the 
convenience  of  the  University. 

•'  5.  The  Collection  of  Portraits  belonging  to  the  Royal  Society 
to  be  hung  on  the  walls  of  the  proposed  Hall,  and  to  be  open  to 
the  inspection  of  the  public,  under  such  regulations  as  may  be 
convenient,  and  subject  especially  to  the  proviso  in  the  preceding 
clause. 
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"  6.  That  the  adoption  of  this  temporary  arrangement  shall  not 
in  any  respect  he  hekl"to  weaken  the  claim  of  the  Royal  Society 
to  permanent  accommodation. 

'■  I  have  the  honour,  &c._, 

"  (Signed)       JAMES  UILSON. 
"  To  the  President  of  the  Royal  Society." 

Upon  the  receipt  of  this  letter  some  further  communications 
passed  hetween  the  President  of  the  Royal  Society  and  the  Secre- 
tary to  the  Treasuiy ;  and  at  a  Meeting  of  the  Council  of  the 
Royal  Society,  held  on  the  30th  of  !May,  1856^  the  President 
stated,  that  he  had  intimated  to  the  Secretary  of  the  Treasury 
that,  in  his  opinion,  the  Council  would  understand  the  third  con- 
dition in  the  foregoing  letter  as  implying  the  mutual  access  to  the 
three  Libraries  by  the  Fellows  of  the  three  Societies,  for  the  pur- 
poses of  reference  and  study,  but  not  as  altering  in  any  respect 
the  ownership  or  custody  of  the  several  Libraries ;  and  that  in 
future,  as  heretofore,  the  loan  of  the  books  of  any  of  the  three 
Libraries  should  be  confined  to  the  Fellows  of  that  Society  to 
which  they  belong. 

The  President  further  stated,  that  Mr.  Wilson  assented  to  the 
above  explanation  of  the  minute,  so  far  as  it  relates  to  the  forma- 
tion of  a  common  Library. 

In  conformity  with  the  instructions  contained  in  the  letter  from 
the  Secretary  of  the  Treasury,  communications  were  entered  into 
with  the  Presidents  of  the  Chemical  and  the  Linnsean  Societies, 
and  the  following  minute  of  the  Council  of  the  Royal  Society  was 
communicated  to  the  President  and  Council  of  the  Chemical 
Society : — 

Extract  of  Minutes  of  the  Council  of  the  Royal  Society, 
December  18,  1856. 

"  The  Secretarj'  presented  the  following  report  of  the  proceed- 
ings of  the  Committee  appointed  to  carry  out  the  arrangements 
required  for  the  removal  of  the  Society  to  Burlington  House, 

"  'At  a  Meeting  of  the  Committee  appointed  to  carry  out 
the  arrangements  required  for  the  removal  of  the  Society  to 
Burlington  House,  held  on  the  5th  December,  1856, 

"  '  Present — 
Major-Geueral  Sabixe,  Treas.  and  V.P.,  in  the  Chair. 
Mr.  Bell,  President  of  the  Linuaean  Society. 
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Sir  Benjamin  Brodie. 
Dr.  Carpenter. 

Dr.  Miller,  President  of  the  Chemical  Society. 
Dr.  Sharper. 
Mr.  Stokes. 
"  'The  Meeting  Avas  also  attended  by  Mr.  Bennett,  Secretary 

of  the  Liunsean  Society,  and  Dr.  PI  ay  fair,  who  were  present  by 

invitation. 

"  '  Resolved, — That  as  the  Royal  Society  has   now  been   put  in 
possession   of  the    ]Main    Building  of   Burlington   House,   the 
undermentioned  apartments  be  assigned  to  the  Linnsean  and 
Chemical  Societies,  in  accordance  with  the  arrangement  already 
determined  on  in  communication  with   these  Societies,  and  ex- 
plained by  the  President  at  the  Meeting  of  the   Royal  Society 
on  the  3rd  of  June  last. 
"  *  To  the  LimicEan  Society  : — 
"  'The  Attic  Story. 
"  'The  Ball  Room  and  Room  adjoining  on  the   North   side  of 

the  house. 

"  '  The  two  front  rooms  on  the  Ground  Floor  in  the  east  end  of 

the  building. 

"  '  The  Wine  Cellar  in  the  Basement  for  a  coal  cellar. 

"  '  To  the  Chemical  Society  : — 

"  'Two  back  rooms  with  Ante- room  on  the  Ground  Floor  in  the 

east  end  of  the  building. 

"  'The  Beer-cellar  in  the  Basement  for  a  coal  cellar. 

"  'The  Chemical  Society  to    have   the   use   of  the   Linnsean 

Society's  eastern  room  on  the  Ground  Floor  as  a  Council  Room. 
"  'The  three  Societies  to  have  the  use  of  the  Servants'  Hall  as 

a  Kitchen. 

" ']Mr.  Bell,  Dr.   Miller,  and  Mr.  Bennett,  as  representing 

the    Linntean  and   Chemical   Societies,   specially   intimated  their 

assent  to  the  arrangements  here  specified. 

"  *  Resolved, — That  this  report  be  approved,   and  the  recommen- 
dations of  the  Committee  adopted.'  " 

At  the  closing  Meeting  of  last  Session  I  took  the  opportunity 
of  stating,  that  these  offers  had  been  acceded  to  on  the  part  of 
the  Council  of  the  Chemical  Society,  and  that  preparations  would 
be  made  for  the  removal  of  the  Society  to  their   new  apartments 


184  PROCEEDINGS    OP    THE   CHEMICAL   SOCIETY. 

at  as  early  a  period  as  was  practicable.  The  Council  were  in  hopes 
that  it  might  have  been  possible  to  hold  the  present  Anniversary 
Meeting  in  Burlington  House,  but  it  was  found  that  this  could 
not  be  done  without  incurring  considerable  expense  in  preparing 
temporary  fittings.  There  can,  however,  be  no  doubt  that  all  the 
arrangements  will  be  completed  in  time  for  tlie  opening  of  the 
next  Session  in  the  November  of  the  present  year. 

The  Council  cannot  forbear  congratulating  the  Society  upon  the 
manner  in  which  the  FelloAvs  generally  have  testified  their  interest 
in  the  proposed  removal  j  the  liberal  manner  in  which  they  have 
subscribed  towards  the  expenses  incurred  for  fitting  up  their  new 
apartments,  will,  it  is  expected,  reuder  it  unnecessary  to  trench 
upon  the  ordinary  funds  of  the  Society  upon  this  occasion. 

Mr.  Delarue,  who  has  kindly  undertaken  the  office  of  Trea- 
surer to  the  Removal  Fund,  reports  that  a  sum  of  327/.  7*.  6d.  has 
been  subscribed  for  the  purpose  above  stated,  and  that  of  this 
197/.  11*.  has  already  been  paid  to  the  account  of  the  Society. 

The  Council  are  glad  to  be  able  to  congratulate  the  Society  on 
its  steady  progress,  and  on  the  improvement  in  its  finances  since 
the  corresponding  period  of  last  year. 

The  present  number  of  Fellows,  as  compared  with  the  number 
at  the  last  Anniversary  Meeting,  is  as  follows : 

Number  of  Fellows  on  March  30,  1856  256 

Fellows  elected  since  that  date       .         .     22 
Do.  resigned  .....       9 

Increase       ......     13         13 


Present  number  of  Fellows  .         .  269 


Number  of  Associates  on  March  30, 1856  9 

Associates  elected  since  that  date  .       6 

Do.  deceased         .....       1 

Increase        .         ...         .         .         .5  5 

Present  number  of  Associates        .         .  14 
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Number  of  Foreign  Members  on  March 

30,  1856 20 

Foreign  Members  elected  since     .         .       4 
Do.  deceased         .....       1 

Increase        ......       3  3 

Present  number  of  Foreign  Members    .  23 


Papers  read  at  the  Meetings  of  the  Chemical  Society,  between 
March  30,  1856,  and  March  31,  1857  :— 

*'  Contributions    to   the    History   of  Nitric   Acid,  with   especial 

reference  to  the  Valuation  of  Nitre  :"  by  Messrs.  Abel  and 

Bloxam. 
*'  On  New  Methods  for  the  Estimation  of  jNIinute  Quantities  of 

Nitric  Acid  and  Ammonia."   by  Mr.  J.  T.  Way. 
*'Note  on  a  New  Method  of  Making  Ferricyanide  of  Potassium, 

and  on  a  Paracyanogen  Compound :"  by  Dr.  Lyon  Playfair. 
"  On  the  Sulphovinates,  and  on  Amylo-phosphoric  Acid  and  the 

Amylo- Phosphates  :'^  by  Dr.  F.  Guthrie. 
"On  Lophine:''  by  Messrs.  Goessmann  and  Atkinson. 
"  On  the  Temperature  of  the  opposite  sides  of  a  Bismuth  Joint 

while   traversed   by    a    Hydro-electrical    Current :"    by  Mr. 

Richard  Adie. 
"On  the   Analysis    of   a   Meteoric    Stone   from   the   Desert   of 

Atacama:"  by  Mr.  Frederick  Field. 
"  On  the  Decomposition,  by  Heat,  of  native  Oxichloride  of  Copper, 

or  Atacamite  :"  by  Mr.  Frederick  Field. 
"On  Cadmium-ethyle :"  by  Mr.  J.  A.  Wanklyu. 
"Description  of  a  self-acting  "Washing-bottle:"    by  Mr.  W.  S. 

Clarke. 
"  On  a  Coal-gas  Carbon  and  Nitric  Acid  Voltaic  Battery  :"  by 

Messrs.  J.  L.  and  L.  Wheeler. 
"On  the   Analysis  of  the  Iron   used   in   English   and   Foreign 

Ordnance:"  by  Mr.  F.  A.  Abel. 
"  On  the  reciprocal  Precipitations  of  the  Metals :"  by  Dr.  Odling. 

"  On  a  new  series  of   Organo-thionic  Acids  :"  by  Mr.  John  T. 
Hobson. 
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"Ou   a   new   Volumetiical    method   for   the    Determination    of 

Copper:"  by  Mr.  E.  O.  Brown. 
"  On  the  Action  of  Light  upon  Chloride  of  Silver :"  by  Dr.  F. 

Guthrie. 
"  On  Componncls  obtained  by  the  action  of  Anhydrous  Sulphuric 

Acid  on  the  Clilorides  of  Hydrogen,  Ethyl,  and  jNIethyl :"   by 

Mr.  E.  "Williamson. 
"  Note  on  the  action  of   Bichloride  of   Carbon   on  Ethylate   of 

Potash  :"  by  Mr.  F.  B.  Lockwood. 
"  On  some  Thermo-Electrical  Properties  of  the  ]Metals  Bismuth 

and    Antimony,  Mhen    used    as    single    elements :"    by   Idv. 

Richard  Adie. 
"On  the  Saponification  of  Resin  :"  by  Mr.  A.  G.  Anderson. 
"On  a  Compound  obtained  by  the  action  of  Fuming   Sulphuric 

Acid  on  Chloride  of  Phenyl:"  by  Mr.  L.  Hutchings. 
"On  the  Composition  of  Wheat-Grain   and  its  Products  in  the 

Mill,  with  some  Observations  on  Bread:"  by  Messrs.   Lawes 

and  Gilbert. 
"Notes  on  Alum  in  Bread,  and  its  detection:"  by   Mr.  E.  H. 

Hadow. 
"  On  the   Use   of  the    Prism  in   Qualitative  Analysis :"  by  Dr. 

J.  H.  Gladstone. 
"  On  the  Valuation  of  Nitre  :"  by  Messrs.  Abel  and  Bloxam. 
"  On  the  Thermo-Electric  Properties  of  various  Metals  in  refer- 
ence to   the  Direction  in  which  Heat   and  Electricity  cross 

their  Joints  :"  by  ISIr.  Richard  Adie. 
"  Note  on  Crystallised  Binoxide  of  Tin :  "  by  Mr.  Abel. 
"  On  the  Temperature  of  Charcoal  while  traversed  by  an  Electric 

CmTcnt;"  by  Mr.  Richard  Adie. 
"  On  some  remarkable  circumstances    tending    to    disguise    the 

presence  of  various  Acids  and  Bases  in  Chemical  Analysis  :  " 

by  Mr.  John  S  pi  Her. 

Discourses  have  been  delivered, 

*'  On  Chemistry  as  appHed  to  the  Manufacturing  Branches  of  the 

War  Department :  "  by  Mr.  F.  A.  Abel. 
"  A  Report  on  recent  Patents  connected  with  the  Reduction  and 

Purification  of  Iron,  and  its  Conversion  into  Steel : "  by  Mr. 

F.  A.  Abel. 
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It  has  not  been  usual  for  the  President,  at  the  anniversary  meet- 
ings of  this  society,  to  present  any  sketch  of  the  progress  which 
our  science  has  made  during  the  past  year,  and  I  shall  therefore 
not  attempt  any  innovation  upon  established  custom.  It  is,  how- 
ever, a  matter  of  high  congratulation  that,  both  in  the  departments 
of  organic  and  of  inorganic  chemistry,  the  advances  which  have 
been  made  have  been  of  high  interest  and  importance.  I  only 
need  to  allude  to  the  discovery  of  allylic  alcohol  and  its  deri- 
vatives, which  we  owe  to  one  of  our  own  Fellows,  and  to  other 
chemists  among  our  nearest  neighbours ;  I  need  but  to  mention 
Wurtz's  brilliant  discovery  of  the  biatomic  alcohols,  of  which 
glycol  is  the  type;  or  to  point  to  Bechamp^s  interesting  researches 
upon  the  production  of  urea  by  the  oxidation  of  the  albuminous 
principles,  to  shew  that  the  progress  of  organic  chemistry  has  kept 
pace  with  its  importance  :  and  it  is  scarcely  requisite  to  recall  the 
experiments  of  Deville  upon  aluminum,  upon  silicon,  and  of  the 
same  active  chemist,  in  conjunction  with  Wohler,  upon  boron,  and 
with  Car  on  upon  magnesium,  to  shew  that  inorganic  chemistry  has 
not  lacked  its  share  in  solid  and  brilliant  advances. 

One  of  our  fellows,  Mr.  Per  kin,  has  afforded  me  the  opportu- 
nity of  bringing  before  you  the  results  of  a  successful  application 
of  abstract  science  to  an  important  practical  purpose,  as  he  has 
succeeded  in  obtaining  from  aniline  a  colour  which  rivals  archil  in 
brilliancy,  and  equals  indigo  in  solidity  and  durability.  Speci- 
mens of  this  dye  stuff  are  now  upon  the  table,  and  it  will  be  seei 
that  its  application  to  silk  in  particular  fiu'nishes  results  of  grea 
delicacy  and  beauty. 

Science  has  sustained  a  severe  loss  in  the  death  of  M.  Charles 
Gerhardt,  who  expired  after  an  illness  of  only  two  days,  on  the 
19th  of  August,1856,  at  the  age  of  40,  just  as  he  had  completed 
his  great  work  on  Organic  Chemistry.  Charles  Gerhardt  was 
the  son  of  M.  Paul  Gerhardt,  of  Berne,  and  of  Madame 
Henrietta  Weber.  In  the  year  1844  he  married  the  youngest 
daugrhter  of  the  late  Dr.  James  Sanders,  of  Edinbursch.  He 
was  elected  a  foreign  member  of  this  Society  in  the  year  185.2,  and 
communicated  to  its  transactions  two  papers  on  the  anhydrous 
acids  in  the  same  year.  The  following  notice  of  this  distinguished 
man  is  from  the  pen  of  his  intimate  friend,  M.  Cahours:^ 

"Charles    Frederic   Gerhardt,  who   has  been  so  recentl; 
snatched  from  science  by  a  premature  death,  was  born  at  Strats- 
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bourg^  on  the  21st  of  August,  1816.  He  commenced  his  studies 
at  the  Protestant  Gymnasium  of  this  town,  and  continued  them 
during  the  course  of  the  years  1831  and  1833  at  the  Polytechnic 
School  of  Carlsruhe.  It  was  in  this  institution,  whilst  attending 
the  lectures  of  Professor  Walchner,  that  a  taste  for  chemistry 
was  first  awakened  in  the  mind  of  Gerhard t.  His  father,  who 
was  the  proprietor  of  a  manufactory  of  chemical  products,  was 
delighted  to  witness  this  promise  in  his  son,  and  endeavoured  to 
strengthen  his  inclination  in  this  direction.  He  considered  the 
future  career  of  his  son  as  definitely  fixed,  and  expected  that  he 
would  certainly  maintain  and  extend  the  reputation  of  the  firm. 
Young  Charles  was  therefore  transferred  to  Leipzic,  to  the  estab- 
lishment of  M.  Shieber.  Here  he  followed  with  great  interest 
the  lectures  of  M.  Erdmann,  whilst  his  zeal  and  inteUigence 
acquired  for  him  the  affection  of  the  Professor.  The  able  lectures 
and  the  fatherly  kindness  of  the  teacher  developed  in  the  ardent 
and  expansive  disposition  of  the  pupil  an  irresistible  passion  for 
questions  of  speculative  chemistry. 

"Nevertheless,  Gerhardt,  on  his  return  home,  from  respect  and 
attachment  to  his  father,  endeavoui'cd  to  realize  his  wishes.  Yain 
was  the  attempt !  The  requirements  of  commerce,  the  monotonous 
and  inglorious  routine  of  business,  were  repulsive  to  his  independ- 
ent spirit  and  to  his  ardent  soul.  Gerhardt  dreamed  of  a  higher 
destiny.  Filial  obedience,  the  prospect  of  certain  success,  admo- 
nition, remonstrance,  all  failed  to  subdue  his  thirst  for  instruction 
and  for  renown.  Severity  succeeded  no  better.  To  the  wise  fore- 
sight, and  to  the  stern  resolution  of  his  father,  Charles  opposed 
the  headstrong  will  of  youth  and  the  flights  of  passion.  A  rupture 
was  inevitable,  and  it  was  not  long  before  it  occurred.  Gerhardt 
enlisted  in  a  regiment  of  Chasseurs.  It  was  an  excusable  piece  of 
folly,  the  imprudence  of  a  youth  of  nineteen. 

"  Soon,  however,  notwithstanding  the  indulgence  of  his  colonel, 
who  allowed  the  new  recruit  to  keep  his  candle  burning  after  cur- 
few for  the  purposes  of  study,  notwithstanding  the  sympathy 
which  he  acquired  by  his  unusual  amount  of  information  and  his 
good  conduct,  Gerhardt  found  a  military  life  insupportable. 
After  a  period  of  three  months'  service,  thanks  to  the  generosity 
of  a  friend,  who  advanced  him  the  requisite  sum  of  money,  he 
purchased  his  discharge  and  quitted  the  army. 

"  At  length  he  was  free  !  and  at  length  he  was  in  a  position  to 
follow  his  favorite  studies  without  let  or  hindrance. 
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"  He  immediately  set  out  for  the  laboratory  of  Giessen,  which 
Liebig  then  directed  M'ith  so  much  eclat ;  and  here  under  the  eye 
of  this  gjreat  master  he  worked  for  eighteen  months.  This  was 
all  he  needed  to  qualify  him  for  acting  as  a  teacher  in  his  turn. 
In  1838  he  arrived  in  Paris,  where  he  was  received  by  M.  Dumas 
with  an  affection  which  never  wavered.  Here  he  resided,  giving 
lectures  and  instruction  in  chemistry.  It  was  at  this  period  that 
I  formed  his  acquaintance.  I  was  preparateur  to  M.  Chevreul ; 
we  saw  each  other  frequently ;  we  exchanged  ideas  with  each 
other ;  and  soon  afterwards  I  obtained  from  my  illustrious  master 
permission  for  him  to  work  in  the  laboratory  of  the  Jardin  des 
Plautes.  It  was  there  that  we  commenced  together  our  researches 
on  the  essential  oils,  particularly  on  the  compounds  of  cuminic 
acid ;  researches  which  he  afterwards  extended  to  a  number  of 
other  essences. 

"  In  1844,  on  the  recommendation  of  ]M.  Thenar  d,*  the  post  of 
Professor  oi  General  Chemistry  in  the  Faculty  of  Sciences,  at 
Montpellier,  was  given  to  Gerhardt.  The  new  professor  seriously 
addressed  himself  to  his  work.  Intent  upon  simplifying  the  study 
of  chemistry,  he  introduced  into  his  course  the  new  views  deve- 
loped in  his  '  Precis  de  Chimie  Organique,^  which  he  published 
about  this  time.  Already  in  this  work  we  have  sketched  the  idea 
oi  series  which  Gerhardt  at  a  later  period  developed  with  so  much 
success. 

"  But  the  business  of  teaching  was  not  sufficient  to  satisfy  the 
zeal  and  activity  of  so  ardent  a  worker.  In  1845,  Gerhardt, 
conjointly  with  Laurent,  commenced  the  "  Comptes  rendus  des 
Travaux  de  Chimie  publics  en  France  efc  h  Fetranger.^'  Carried 
away  by  his  love  for  science,  he  did  not  limit  himself  to  giving 
extracts  of  these  labours  ;  he  thought  it  his  duty  to  attempt  to 
estimate  their  value.  From  an  examination  of  the  formulse  given 
by  these  authors,  fiom  a  discussion  of  their  value,  and  from  a 
comparison  of  these  forraulee  either  with  those  of  the  compounds 
which  they  form  or  with  the  products  of  their  metaprorphoses,  he 
was  often  led  to  modify  them,  and  his  alterations  were  almost 
alwavs    confirmed    by    subsequent    experiments.     This   occurred. 


*  Dr.  Sanders,  the  brother-in-law  of  Gerhardt,  states  that  it  was  to  Dumas  that 
(5erhardt  was  indebted  for  his  chair  at  Montpellier;  and  that  his  subsequent  appoint- 
ment at  Strasbourg  was  due  to  Th^nard,  on  which  occasion  the  veteran  chemist,  on 
taking  leave  of  him  when  he  set  out  for  Strasbourg,  said  to  him,  "  Eappelez-vous, 
M.  Gerhardt,  quand  vous  serez  vieux  et  que  vous  aurez  de  pouvoir,  de  proteger  toujours 
les  jeunee  gensquitravaillent.  C'est  encore  une  mani^re  de  se  rendre  utile  ^  la  science  1 " 
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for  example,  for  glycocine,  leucine,  for  melam  and  its  various 
derivatives,  and  in  numerous  other  cases. 

"  Still  this  in  liis  opinion  was  not  doing  enough  for  the  progress 
of  chemistry.  Isolated  from  personal  communication  ^yilh  men 
of  science,  forced  even  by  the  nature  of  his  course  to  limit  his 
ideas  within  too  narrow  a  space,  Gerhardt  quitted  Montpellier. 
In  1848  he  abandoned  his  post  as  professor  to  come  to  Paris,  and 
founded,  at  his  own  risk,  a  laboratory  where  he  might  follow  out 
uninterruptedly  his  theories  to  their  realization.  It  was  in  a  small 
house  in  the  Rue  ]\Ionsieur  le  Prince  that  he  established,  between 
the  years  1849  and  1855,  in  successive  memoirs,  his  notion  of 
series,  of  homologous  series,  and  the  theory  of  types.  It  was 
there  that  he  gave  to  the  scientific  world  his  remarkable  researches 
upon  the  anhydrous  acids  and  the  amides. 

"  Starting  with  the  numerous  and  varied  facts  with  which,  during 
the  last  thirty  years,  organic  chemistry  has  been  enriched,  search- 
ing with  indefatigable  ardour  through  the  various  memoirs, 
arranging  all  the  facts,  correcting  by  his  own  experiments,  or  by 
those  which  he  called  forth  in  others,  the  formulae  which  appeared 
to  be  doubtful,  Gerhardt  has  established  simple  theories, wliich  not 
only  cement  known  facts  with  each  other,  but  which  anticipate  a 
large  number  of  others,  and  which  lead  Avith  certainty  to  dis- 
coveries which  they  clearly  indicate.  It  is  thiis  that  by  referring  all 
the  oxides  and  all  the  oxy acids  to  the  type  of  water,  he  has  enabled 
the  generation  of  these  products  to  be  easily  understood ;  whilst 
at  the  same  time  he  has  established  a  simple  classification  which 
the  mind  seizes  upon  with  facility,  and  which  remains  deeply 
engraven  upon  the  memory. 

"^In  gi\nng  to  the  formuhe  whicli  represent  the  composition  of  a 
body  a  value  which  is  not  regarded  as  absolute,  in  considering 
them  only  in  some  measure  as  equivalents  of  composition  (a  fertile 
idea  first  developed  by  M.  Chevreul  in  his  "  General  Considera- 
tions on  Organic  Analysis  ^^),  and  in  introducing  into  science 
the  idea  of  series,  Gerhardt  has  given  to  chemistry  a  progressive 
direction  which  has  earned  for  its  author  a  high  claim  upon  the 
gratitude  of  the  true  friends  of  science,  and  have  acquired  for  him 
an  elevated  position  in  the  learned  world.  All  his  ideas  and  his 
discoveries  are  developed  in  his  "  Treatise  on  Organic  Chemistry," 
which  forms  a  resume  of  his  doctrines  and  an  important  monument 
of  modem  science.  He  had  just  completed  the  revision  of  the 
last  proof,  and  had  put  the  finishing  touch  to  his  work,  and  he 
was  rejoicing,  as  he  said  in  a  letter  to  me  written  a  few  days  before 
his  lamented  end,  in  the  thought  of  returning  to  his  laboratory 
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with  the  A  icw  of  pursuing  new  researches,  when  he  was  surprised 
by  the  liand  of  death. 

"  Melancholy  lot !  After  having,  by  dint  of  labour  and  of  suc- 
cess, regained  the  aflFectio7i  of  his  father,  after  having  won,  by  his 
admirable  i-esearclics,  the  sympathy  of  the  eminent  philosophers 
whom  he  formerh*  in  pointed  controversy  had  most  wounded, 
Gerhard t  was  beginning  to  enjoy  the  fruits  of  his  labours,  and, 
perhaps,  to  forget  the  painful  experience  of  his  past  career.  These 
brilliant  acknowledgments  authorized  him  to  believe  that  he  had 
rendered  important  services  to  chemistry.  Nominated  in  1855, 
(thanks  to  the  friendly  exertions  of  M.  Dumas),  Professor  to  the 
Faculty  of  Sciences  at  the  Ecole  Superieure  de  Pharmacie,  of 
Strasbourg,  he  had  just  received  the  diploma  of  corresponding 
member  of  the  Academy  of  Sciences  in  Paris.  Freed  at  length 
from  all  anxiety  (perhaps  for  the  first  time  in  his  life),  he  enjoyed 
a  lively  satisfaction  in  his  position,  and  meditated  new  labours, 
when,  exhausted  by  a  struggle  too  long  and  too  severe,  he  sank  in 
the  moment  of  triumph  and  of  reward  !  " 

Hobert  Murray  was  born  at  Athy,  in  Ireland,  Sept.  17th, 
1798.  His  father  was  an.  officer  in  the  Princess  of  Wales^  Light 
Dragoons,  serving  in  Ireland  during  the  rebellion. 

"When  fourteen  years  old,  he  was  apprenticed  to  Mr.  John 
Newman,  the  philosophical  instrument-maker  of  Lisle-street, 
Leicester-square,  and  afterwards  of  Kegent-street. 

For  forty-three  years  he  remained  in  Mr.  Newman's  service. 
Duinng  this  time  he  became  acquainted  with  all  the  scientific  men 
of  London.  He  assisted  Sir  Humphry  Davy,  Professors  Faraday, 
Wheatstone,  Daniell,  and  Brande,  in  preparing  courses  of  lectures 
at  the  Royal  Institution  and  at  King's  College.  For  many  years, 
he  also  assisted  in  keeping  meteorological  observations  for  the 
Royal  Society  at  Somerset-house. 

His  skill  and  inventive  genius  were  not  limited  to  helping  others 
only,  for  in  1841  he  received  the  silver  medal  of  the  Society  of 
Arts  for  the  invention  of  a  process  for  taking  Voltatype  impres- 
sions from  non-conducting  substances  by  means  of  a  thin  coating 
of  plumbago. 

Latterly  he  entered  into  partnership  with  Mr.  V.  Heath  as 
philosophical  instrument- makers,  of  43,  Piccadilly^  where  he  died 
in  the  59th  year  of  his  age. 

A  stone  was  erected  at  the  Brompton  Cemetery  to  Ms  memory 
bv  a  few  of  his  scientific  friends. 
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XVIII. — Contributions  towards  the  History  of  Thialdine. 
By  a.  W.  Hopmann,  LL.D.,  F.R.S. 

Researches  into  the  behaviour  of  several  organic  bases  with 
bisulphide  of  carbon,  which  I  intend  to  lay  before  the  Society  at  a 
later  period,  have  led  to  some  experiments  with  thialdine,  the 
results  of  which  I  may  be  allowed  briefly  to  state,  since  they  are 
but  loosely  connected  with  the  principal  object  of  tliat  inquiry. 

It  appeared  of  interest  to  gain  some  insight  into  the  constitution 
of  thialdine,  which  is  the  prototype  of  an  important  class  of 
alkaloids  containing  sulphur.  To  what  group  of  bases  does  this 
body  belong  ?  Is  it  a  primary,  a  secondary,  or  tertiary  base  ? 
What  shape  does  its  formula  assume  when  referred  to  ammonia? 
The  favourite  method  of  questioning  bases  by  means  of  iodide  of 
methyl  promised  to  furnish  some  elucidation  of  this  subject. 

Thialdine,  dissolved  in  iodide  of  methyl  to  which  conveniently 
its  own  bulk  of  ether  has  been  added,  furnishes  after  twelve  hours 
a  solid  crystalline  mass,  which  may  be  readily  freed  from  adhering 
thialdine  by  washing  with  ether  and  crystallising  from  alcohol. 
Ebullition  of  the  mixture,  or  exposure  to  heat  under  pressure  in 
sealed  tubes,  for  the  purpose  of  accelerating  the  reaction,  must  be 
avoided  ;  the  mass  in  this  case  becomes  brown,  and  is  rapidly 
resinized  in  consequence  of  deeper  alterations. 
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With  iodide  of  ethyl,  thialdine  exhibits  exactly  the  same  deport- 
ment as  with  iodide  of  methyl ;  the  crystalline  compound,  how- 
ever, forms  more  slowly.  On  the  other  hand,  weeks  are  required 
to  produce  the  corresponding  amyl-compound  with  iodide  of 
aniyl. 

The  crystalline  compound  produced  by  means  of  thialdine  and 
iodide  of  methyl  is  the  iodide  of  a  methylated  base,  generated,  as 
proved  ])y  analysis,  by  the  union  of  equal  equivalents  of  the  two 
bodies. 


C,,H,3NS, 

+ 

C.H3I      = 

=       C,,H,eNSJ 

Thialdine. 

Iodide  of 

Iodide  of  methyl- 

methyl. 

thialdine. 

An  analysis  of  the  crystals  gave  the  following  results  : 

03  455  grra.  of  substance  burnt  with  chromate  of  lead  gave 
034 07  grm.  of  carbonic  acid,  and 
0169    grm.  of  water. 

The  formula 


Experiment. 

26-92 
5-44 


1  eq.  of  Iodide  of  305     .    100*00 

jNIethyl-thialdine 

The  deportment  of  the  new  iodide  resembles  that  of  the  iodide 
of  tetramethyl-ammonium  and  the  analogous  iodides  which  I 
described  some  years  ago.  Insoluble  in  ether,  soluble  in  alcohol, 
and  precipitated  from  this  solution  by  ether  in  the  crystaUine 
-state;  soluble  in  water,  with  an  acid  reaction,  and  separated  from 
it  again  unchanged  by  potassa  in  the  cold,  this  substance  exhibits 


CmH 

leNSJ 

requires  the  following  values 

.: 

Theory. 

14  eq. 

of  Carbon 

84 

27-53 

16  eq. 

of  Hydrogen. 

16 

5-25 

1  eq. 

of  Nitrogen   . 

14 

4-59 

4  eq. 

of  Sulphur     . 

64 

20-98 

1  eq. 

of  Iodine 

127 

41-65 
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ill  general  all  the  characters  which  distinguish  the  iodides  of  the 
so-called  ammonium-bases. 

Some  deviations,  however,  must  not  pass  unmentioned.  The 
solubility  of  the  compound  is  somewhat  less  than  might  be 
expected.  Treatment  with  cold  potassa,  it  is  true,  does  not  affect 
the  iodide;  but  ebullition  with  potassa  gives  rise  to  decomposition, 
whilst  iodide  of  tetramethyl-ammonium  may  be  recrystallized  from 
a  most  concentrated  boiling  solution  of  the  alkali.  The  action  of 
potassa  upon  iodide  of  methyl-thialdine  induces^  however,  by  no 
means  the  separation  of  a  definite  volatile  compound^  of  a  methyl- 
thialdine,  but  effects  a  thorough  destruction  of  the  body,  which  is 
rapidly  converted  into  a  brown  resinous  substance  possessing  in  a 
high  degree  the  odour  of  aldehyde.  From  this  substance,  which 
bears  a  close  resemblance  to  aldehyde-resin,  crystals  of  the  un- 
changed iodide  are  frequently  deposited  on  cooling ;  altogether,  it 
appears  to  be  rather  the  result  of  tbe  action  of  heat  than  of  the 
alkali.  When  thialdine  is  strongly  heated  with  iodide  of  methyl, 
a  brown  substance  of  perfectly  similar  properties  is  formed ;  in  fact, 
thialdine  itself,  as  pointed  out  by  its  discoverers,  although  entirely 
volatile,  cannot  be  exposed  to  a  high  temperature  without 
decomposition. 

The  great  mobility  of  the  elements  in  thialdine,  and  especially 
the  large  amount  of  sulphur  which  it  contains,  afforded  but  little 
hope  of  successfully  submitting  the  new  iodide  to  the  experiment 
with  oxide  of  silver,  which  is  so  characteristic  of  the  ammonium- 
bases.  On  adding  oxide  of  silver  to  the  aqueous  solution  of  this 
body,  which,  as  akeady  remarked,  possesses  an  acid  reaction,  iodide 
of  silver  is  formed  and  the  liquid  assumes  at  once  a  markedly 
alkaline  reaction ;  but  since  the  almost  simultaneous  formation  of 
sulphide  of  silver,  and  a  powerful  evolution  of  aldehyde,  sufficiently 
indicate  the  complete  destruction  of  the  compound,  and  since  expe- 
riment exhibits  the  presence  of  ammonia  in  the  liquid,  it  is 
impossible  to  decide  whether  the  alkaline  reaction,  observed  in  the 
moment  of  decomposition,  is  due  to  the  liberation  of  an  ephemeral 
ammonium-base,  or  to  its  product  of  decomposition. 

The  facility  with  which  the  base  is  decomposed,  has  prevented 
me  from  examining  any  compounds  of  this  body.  I  should  have 
liked  to  analyze  a  platinum-  or  a  gold -salt,  but  was  unable  to 
produce  these  salts.  On  adding  nitrate  of  silver  to  an  aqueous 
solution  of  the  iodide,  however  diluted,  a  beautiful  yellow  pre- 
cipitate of  iodide  of  silver  is  obtained,  which  rapidly  turns  brown, 

o  2 
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and  ultimately  black,  sulphide  of  silver  being  formed ;  in  addition 
the  glass  vessel  is  often  coated  with  a  mirror  of  reduced  silver, 
obviously  the  effect  of  the  liberated  aldehyde. 

The  preceding  experiments,  which,  owing  to  the  peculiar  pro- 
perties of  thialdine,  are  less  conclusive  than  I  could  have  wished, 
nevertheless  appear  to  show  that  thialdine  belongs  to  the  tertiary 
bases,  that  it  is  a  nitrile  base. 

^  I  ^ 
Ammonia  N  >  H 

I  H 

Thialdine  N  |  C^oHigS^ 

To  the  complex  molecule  Ci2Hi3S^,  then,  we  must  ascribe  the 
faculty  of  replacing  the  three  equivalents  of  hydrogen  in  the 
ammonia.  But,  in  what  manner  the  elements  are  grouped 
in  this  complex  molecule,  whether  we  have  here  to  assume  a  very 
unstable  tribasic  radical,  or  whether  special  molecules  are  inserted 
for  each  of  the  hydrogen  equivalents  in  the  ammonia, — must  be 
left  for  further  experiments  to  decide,  and  I  think  it  desirable 
to  postpone  for  the  present  any  speculation  on  the  subject. 

The  preceding  experiments  have  led  me  to  some  observations  no 
longer  connected  with  the  original  problem  of  the  inquiry,  which 
appear,  however,  of  sufficient  interest  to  be  mentioned, 

Liebig  and  Woehler  in  their  memoir  on  Thialdine  state,  that 
the  whole  of  the  nitrogen  of  this  base  is  eliminated  in  the  form  of 
ammonia,  when  the  compound  is  decomposed  by  nitrate  of  silver. 
This  deportment  appeared  to  furnish  an  easy  mode  of  controlling 
the  formula  of  methyl-thialdine.  After  the  decomposition  of  this 
body  by  nitrate  of  silver,  I  expected  to  find  the  whole  of  the 
nitrogen  in  the  residuary  liquid  in  the  form  of  methylamine.  On 
performing  the  experiment,  it  was  found  that  the  liquid  contained 
con^^iderable  quantities  of  ammonia,  but  together  with  the  latter 
alkali  a  fixed  base.  This  unexpected  deportment  reminded  me  of 
some  experiments  on  the  action  of  oxide  of  silver  on  thialdine, 
which  were  published  several  years  ago,*  and  from  which  their 
author  had  inferred  that  thialdine  was  capable  of  being  converted 
into  leucine.  Were  the  phenomena  observed  by  myself  of  an 
analogous  character?  Had  the  experiment  above  mentioned  given 
rise  to  the  formation  of  methylated  levcine  ? 

*  Annalen  der  Chcm.,  xc,  184. 
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The  experiment  was  therefore  repeated  with  a  larger  quantity 
of  substance  and  the  iodide  of  methyl-thialdiue  treated  with  freshly 
precipitated  oxide  of  silver  instead  of  nitrate  of  silver.  To  avoid 
as  far  as  possible,  secondary  decompositions,  the  reaction  was 
accomplished  at  the  common  temperature,  and  only  completed  in 
the  water  bath.  The  phenomena  remained  the  same, — separation 
of  iodide  of  silver  and  a  copious  evolution  of  aldehyde,  which  gave 
rise  to  the  formation  of  a  mirror  of  metallic  silver.  The  liquid 
filtered  off  from  the  precipitate  contained  a  considerable  quantity 
of  silver,  and  evolved,  on  the  addition  of  hydrochloric  acid  for  the 
removal  of  the  silver,  a  very  perceptible  odoiu*  of  acetic  acid.  The 
solution  freed  from  silver,  fui'nished  upon  evaporation  a  saline 
mixture,  in  which  sal-ammoniac  could  be  detected  without 
difficidty.  But  in  this  case,  also,  a  fixed  base  was  found  to  be 
associated  with  the  ammonia.  The  deportment  of  this  solution 
with  bichloride  of  platinum  left  no  doubt  in  this  respect.  On 
a  former  occasion,  I  pointed  out  that  in  determining  the 
equivalent  of  an  organic  base,  the  bichloride  of  platinum  may  be 
conveniently  replaced  by  terchloride  of  gold  which  has  since  been 
very  frequently  used  for  this  purpose.  This  reagent  is  of  particular 
advantage  if  it  be  necessary  to  eliminate  an  alkaloid  from  a  solution 
containing  ammonia,  the  double  compound  of  terchloride  of  gold 
and  chloride  of  ammonium  being  very  soluble  in  water,  and  was, 
therefore,  specially  applicable  in  the  present  case.  On  adding 
terchloride  of  gold  to  the  saline  mixture  under  examination,  a  fine 
yellow  crystalline  precipitate  was  immediately  thrown  down,  all  the 
ammonia  remaining  in  solution.  The  gold-precipitate  could  be 
recrystallized  from  boiling  water  without  decomposition ;  its  analysis 
furnished  the  following  results  : 

I.  0*6685  grm.  of  the  salt,  dried  at  100°,  when  burnt  with  chromate 

of  lead,  gave  0  2765  grm.  of  carbonic  acid,  and  0"179 
grm.  of  water. 

II,  0.265  grm.  of  salt  left  on  ignition  0*1235  grm.  of  gold.    These 

numbers  lead  to  the  formula  : 

Cg  Hi2  NCI,  AuClg  =  J  c'     H   (   ^^^'  ^^^^3 

which  represents  the  double  compound  of  chloride  of  tetramethvl- 
amraonium  and  terchloride  of  gold. 
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Theorj-.  Experiment. 

I.  II. 

8  eq.  of  Carbon 48  1V62         11-28  — 

12  eq.  of  Hvdrogeu  .  .      12  2-91  2-98  — 

1  eq.  of  Nitrogen    .  .      14  3-39  —  — 

4  eq.  of  Chlorine    .  .    142  34-38  —  — 

1  eq.  of  Gold 197  47-70  —  47-3G 


1  eq.  of  Gold-salt         413  100-00 

In  order  to  verify  the  formation  of  a  tetram  ethyl- ammonium - 
compound,  some  further  experiments  were  made.  The  solution 
of  iodide  of  methyl-thialdine,  desulphurised  by  oxide  of  silver, 
was  submitted  to  a  protracted  distillation,  Avhen  a  considerable 
quantity  of  an  alkaline  liquid  was  obtained,  which  proved  to 
consist  of  ammonia*  The  alkaline  residuary  liquid  in  the  retort, 
after  considerable  concentration,  deposited  a  crystalline  silver-salt 
which  possessed  all  the  properties  of  acetate  of  silver.  The  solution 
filtered  off  from  this  salt,  freed  firom  dissolved  silver  by  addition 
of  hydrochloric  acid,  (when  the  presence  of  acetic  acid  became 
again  perceptible,)  fui'nished,  on  evaporation,  a  saline  mixture, 
which  obviously  contained  much  less  ammonia  than  the  liquid 
used  in  the  preparation  of  the  gold-salt.  The  solution  of  the 
saline  mixture  gave  with  bichloride  of  platinum  a  crystalline  pre- 
cipitate, which  was  recrystallized  from  boiling  water.  The  first 
crystals  deposited  on  cooling  were  magnificent  perfectly  formed 
octoliedrons,  which  I  easily  recognised  as  the  platinum-compound 
of  tetramethyl-ammonium.  Analysis  furnished  the  following 
results : 

0-5835  grm.  left  on  ingition  0*188  grm.  =  35'24  p.  c.  of  platinum. 

I'he  formula 

CgHi^NCl,  PtCl^  =  I  ^^Ha  C  ^Cl,  PtCl^ 

icX^ 

requires  35-35  p.  c.  of  platinum. 

*  The  basic  distillate  was  saturated  with  hydrochloric  acid  and  converted  into  a 
platinum -salt ;  by  the  analysis  of  this  salt  the  ammonia  was  identified. 

I. — 0'1865  grm.  of  platinum-salt  gave  0-081  grm.  =  438  p.  c.  of  platinum. 
II. — 0-307  grm.  of  platinum-salt  gave  0-134  grm.  =  43-6  p.  c.  of  platinum. 
The  ammonium-compound  contains  44'22  p.  c.  of  platinum. 
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The  mother-liquor  of  the  salt  furnished,  after  considerable  evapo- 
ration, a  second  crystallisation  likewise  in  octohedrons .  Experiment, 
however,  showed  these  crystals  to  consist  nearly  entii'ely  of  am- 
monio-chloride  of  platinum. 

0"257  grm.  of  salt  gave  O'llO  grm.  =r  42*8  p.  c.  of  platinum. 

These  experiments  prove  that  the  nitrogen  of  iodide  of  methyl- 
thialdine,  on  treating  this  substance  with  silver-compounds,  is 
eliminated  in  the  form,  partly  of  ammonia  and  partly  of  oxide  of 
tetramethyl-ammonium,  aldehyde  being  simultaneously  liberated, 
part  of  which,  if  oxide  of  silver  be  used,  is  converted  into  acetic  acid. 
The  decomposition  maybe  readily  expressed  in  an  equation,  although, 
in  consequence  of  the  formation  of  so  highly  methylated  a  com- 
pound, a  rather  large  number  of  equivalents  must  be  assumed  as 
concerned  in  the  reaction;  4  eq.  of  iodide  of  methyl-thialdine, 
20  eq.  of  oxide  of  silver,  and  2  eq.  of  water,  contain  the  elements 
of  4  eq.  of  iodide  of  silver,  16  eq.  of  sulphide  of  silver,  12  eq.  of 
aldehyde,  3  eq.  of  ammonia,  and  1  eq.  of  hydrated  oxide  of 
tetramethyl-ammonium. 

The  following  equation  represents  this  change : 

4Ci^Hi6NS  J  +  20  AgO  +  2  HO  =  4  AgH- 16  Ag  S  +  UC^U^O^ 

Iodide  of  me-  Aldehjde. 

tbyl-thialdiue. 

+  3NH3  -f   C8H,2NO,  HO. 

Oxide  of  hydrated  tetramethyl-ammoaiuia. 

The  acetic  acid  is  a  further  product  of  the  oxidation  of  the 
aldehyde. 

The  absence  of  any  leucine-like  compound  among  the  products 
of  decomposition  of  iodide  of  methyl-thialdine  induced  me  to  repeat 
the  experiment  on  the  action  of  oxide  of  silver  upon  thialdine 
itself. 

The  transformation  of  thialdine  into  leucine  announced  several 
years  ago,  and  apparently  very  intelligible  by  the  analogy  of  the 
formulae  of  the  two  bodies  : 

Thialdine  C12H13NS4 
Leucine     CjjHjgNO^, 

has  not  failed  to  rivet  the  attention  of  chemists.     The  artificial 
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construction  of  organic  bodies,  tlie  formation  of  complex  sub- 
stances by  the  aid  of  simpler  compounds,  has  been  attempted  of  late 
with  predilection,  and  science  is  already  in  possession  of  several 
most  interesting  instances  of  this  kind.  But  the  passage  of  an 
acetyl-compound  into  a  member  of  the  amyl-series — for  such 
leucine  must  be  considered — leaping  over  all  the  intermediate 
terms,  is  a  fact  to  which  there  are  but  few  parallel  cases  at  the 
present  moment. 

The  extraordinary  character  of  this  reaction,  together  with  the 
non-appearance  of  any  further  information  regarding  this  mode  of 
forming  leucine,  has  already  created  doubts  in  the  minds  of  che- 
mists, whether  the  observed  substance  was  actually  leucine. 
But  as  yet  nobody  appears  to  have  taken  the  trouble  to  clear  up 
these  doubts  experimentally. 

My  experiments,  v,hicli  in  conclusion  I  may  briefly  meution, 
have  led  me  to  the  conviction  that  the  statement  regarding  the 
convertibility  of  thialdine  into  leucine  must  have  been  caused  by 
an  error  of  observation. 

In  the  first  place,  I  have  established  that  the  nitrogen  of 
thialdine,  when  this  body  is  decomposed  by  nitrate  of  silver,  actually 
separates  in  the  form  of  ammonia.  The  solution  freed  from  silver 
and  mixed  with  bichloride  of  platinum,  furnished  nothing  but 
ammonio-chloride  of  platinum,*  exactly  as  indicated  by  Lie  big  and 
Woehler.  When  submitted  to  the  action  oi  oxide  of  silver,  thial- 
dine, as  might  have  been  expected,  exhibits  exactly  the  same  deport- 
ment. The  liquid  filtered  off  from  the  sulphide  of  silver  deposited, 
on  evaporation,  lustrous  crystalline  jdates  which,  both  by  their 
external  appearance  and  by  their  analysis,t  were  readily  identified  as 
acetate  of  silver.  The  formation  of  acetic  acid  in  a  concentrated 
solution  of  aldehyde  by  the  action  of  a  substance  which  loses  its 
oxygen  as  readily  as  oxide  of  silver,  is  easily  intelligible. 

The  mother-hquor,  when  further  evaporated,  yielded  a  second 
crystallisation,  in  which  the  physical  characters  of  acetate  of  silver 
were  somewhat  masked  by  the  presence  in  the  solution  of  an  un- 
crystallisable  substance  (aldehyde-resin)  which  adhered  even  after 
a  second  crystallisation.     Analysis,  however,  proved  these  crystals 


*  0"3215  grm.  of  platinum-salt  gave 

01405  grm.  =  43"7  p.  c.  of  platinum. 
+  0225  grm.  of  silver-salt  left  on  incineration  0146  grm.  =  6488  p.  c.  of  silver. 
-Acetate  of  silver  contain;  6467  p.  c.  of  silver. 
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likewise  to  be  acetate  of  silver.*  The  raotlier-liquor  contained, 
together  with  acetate  of  silver,  acetate  of  ammonium  and  small 
quantities  of  a  non-cr3'stalline  body. 

Since  leucine  is  a  well-characterized  and  very  stable  body, 
I  was  inclined  to  attribute  my  want  of  success  to  my  own  unskilful  • 
ness  rather  than  to  the  error  of  another  observer.  The  operation  was 
therefore  repeated  several  times,  and  always  with  the  same  result ; 
but  I  could  not  make  up  my  mind  to  deny  the  formation  of 
leucine  from  thialdine  until  experiment  had  refuted  every  other 
mode  of  explanation. 

For  this  purpose,  it  was  not  sufficient  to  prove  that,  in  the 
decomposition  of  thialdine  by  oxide  of  silver,  ammonia  is  elimi- 
nated; it  was  necessar}' to  prove  that  the  total  amount  of  nitrogen 
is  converted  into  ammonia. 

2*065  grm.  of  thialdine  were  desulphurised  by  means  of  oxide  of 
silver,  in  the  presence  of  water  at  the  common  temperature,  aiid 
the  liquid  freed  from  silver,  by  hydrochloric  acid,  was  mixed  with 
bichloride  of  platinum  and  evaporated  to  dryness.  The  ammonio- 
chloride  of  platinum  formed,  when  washed  with  ether-alcohol, 
weighed  2'792  grm.;  according  to  theory  2"828  grm.  should  have 
been  obtained. 

In  a  second  experiment,  0"317  grm.  of  thialdine  sealed  into  a 
glass  tube  with  water  and  an  excess  of  oxide  of  silver,  and  exposed 
to  the  temperature  of  boiling  water  for  four  hours,  furnished, 
when  treated  in  the  same  manner  as  in  the  previous  experiment, 
0430  grm.  of  ammonio-chloride  of  platinum.  According  to 
theory,  0'436  grm.  should  have  been  obtained. 

These  experiments  leave  no  doubt. 

T\'hilst  occupied  with  this  subject,  the  "Annalen^^  brought  the 
news  of  the  interesting  transformation  of  leucine  into  amylamine. 
This  deportment  of  leucine  induced  me  to  perform  in  addition  the 
following  experiment :  several  grammes  of  thialdine  Avere  desul- 
phurised, the  hydrochloric  solution  evaporated  to  dryness,  and 
submitted  to  distillation  with  hydrate  of  lime.  In  the  alkaline 
distillate,  I  was  unable  to  discover  a  trace  of  amylamine,  although 
this  substance  is  Avell  known  to  me.  The  platinum-salt  prepared 
from  the  alkaline  distillate,  by  evaporation  to  dryness  with 
bichloride  of  platinum,  was  found  to  be  pure  ammonio-chloride  of 
platinum. 

*  0-327  grm.  silver-silt  left  on  ignition  0'2105  grm.  =  SiST  p.  c.  of  silver. 
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0*661  grm.  of  platinum- salt  left  on  ignition 
0-2909  grm.  =  44-019  p.  c.  of  platinum. 

Hence  thialdine,  when  treated  with  oxide  of  silver,  as  might 
have  been  expected,  undergoes  the  same  decomposition  which 
Lie  big  and  Woehler  had  effected  by  nitrate  of  silver.  It  fur- 
nishes in  this  process,  aldehyde,  acetic  acid,  and  ammonia,  but  no 
Leucine. 

In  conclusion,  a  remark  which  refers  to  a  question  connected 
with  this  alleged  formation  of  leucine.  Soon  after  the  statement 
regarding  this  subject  had  been  made,  Wagner*  observed  that 
the  action  of  bisulphide  of  carbon  upon  amylamine  gives  rise  to 
the  formation  of  a  crystalline  compound.  This  compound  was 
not  analyzed,  but  Wagner  suggested  that  possibly  it  might  be 
thialdine : 

C,o  H,3  N    +    2CS,    =  C,3  H,3  NS, 

Amylamine  Thialdin 

and  that,  in  case  this  assumption  proved  to  be  correct,  the  reaction 
of  bisulphide  of  carbon  upon  the  homologues  of  ammonia  might 
lead  to  the  artificial  formation  not  only  of  leucine,  but  of  glycocine 
alanine,  etc.  A  close  connection  between  these  substances  and 
the  alcohol  bases  has  indeed  been  established,  by  the  recent  obser- 
vation to  which  I  have  just  alluded. 

During  my  experiments  on  the  deportment  of  bisulphide  of 
carbon  with  organic  bases,  I  have  also  had  occasion  to  study 
the  compound  of  amylamine  with  bisulphide  of  carbon.  It  is  only 
necessary  to  compare  superficially  this  substance  with  thialdine, 
in  order  to  perceive  at  once  that  they  are  two  absolutely  different 
compounds;  and  if  there  be  still  a  chance  of  producing  leucine 
from  amylamine,  it  is  not  likely  that  so  desirable  a  result  will  be 
accomplished  by  the  intervention  of  thialdine. 

*  Journal  fiir  Practische  Chcmic,  Ixi,  350. 
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II. — Miscellaneous   Observations. 

By   a.    W.    H  of  MANN. 
I. ON    XITROPHENOL. 

By  experiments  which  I  communicated  to  the  Chemical  Society"^ 
several  years  ago,  on  the  action  of  nitrons  acid  upon  several 
alkaloids,  it  Avas  shown  that  ethylamine  and  amylamine  are 
readily  converted  under  these  conditions  into  nitrite  of  ethyl 
and  of  amyl.  It  can  scarcely  be  doubted  that  these  compounds  are 
secondary  products  of  decomposition,  and  that  the  first  stage  of 
the  reaction  consists  in  the  formation  of  ethylic  and  amylic 
alcohols,  which,  by  the  further  action  of  the  nitrous  acid,  are  con- 
verted into  nitrites.  Appropriately  modified  experiments  will  pro- 
bably show  that  the  reaction  may  be  arrested  in  its  first  phase,  and 
then  the  alcohols  will  actually  be  separated.  This  result  was  in  fact 
obtained  in  the  corresponding  experiment  with  aniline.  I  found 
that  careful  management  certainly  converts  this  base  into  phenol 
or  phenyl- alcohol,  a  transformation  which  had  been  previously 
observed  by  Hunt.  My  experiments  proved,  however,  that  aniline 
likewise  yields  with  predilection  the  nitro-alcohol.  In  the  short 
note  referred  to,  I  briefly  mentioned  the  discovery  of  the 
nitrophenylic  alcohol,  hoping  that  I  might  be  enabled  to  give  a 
more  perfect  account  of  this  beautiful  compound  at  a  later  period. 
It  was  not  until  during  the  last  year  that  I  found  leisure  to  return 
to  this  subject,  when  I  learnt  from  Professor  Fritz sche  of  St. 
Petersburgh,  that  he  wished  to  take  up  the  examination  of  nitro- 
phenol.  I  have,  therefore  discontinued  this  inquiry,  and  intend 
here  to  communicate  only  some  observations  mostly  made  years 
ago  which  establish  the  nature  of  nitrophenol. 

On  passing  nitrous  acid  into  anihne,  or  binoxide  of  nitrogen  into 
nitrate  of  aniline,  a  brown  resinous  mass  is  formed,  exhibiting  traces 
of  crystalline  structure.  If  this  product  be  distilled  with  water, 
light  yellow  oily  drops  pass  over  with  the  water,  which  generally 
solidify  into  spherical  aggregates  of  needles  in  the  condenser. 

The  same  compound  is  formed  by  distilling  aniline  with  dilute 
nitric  acid,  although  only  in  minute  quantities,  the  larger  portion 

*  Quarterly  Journal,  vol.  iii^  p.  231.  <. 
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of  the  base  being  converted  into  dinitrophenol  (nitrophenesic  acid) 
and  trinitrophenol  (nitrophenisic  acid)  which  may  be  readily  re- 
cognised by  their  properties,  especially  by  the  formation  of  the 
characteristic  ammoninm-  and  potassium-compounds. 

An  analysis  which  I  shall  give  hereafter,  having  sufficiently 
established  the  nature  of  the  new  body,  its  preparation  from 
}ihcnol  naturally  suggested  itself.  There  is  in  fact  no  difficulty 
in  procuring  this  substance  from  phenylic  alcohol ;  but  this 
process  yields  but  a  comparatively  small  amount,  dinitrophenol 
and  tiiuitrophenol  being  always  obtained  in  predominant 
quantities. 

Two  different  methods  may  be  adopted  for  preparing  nitrophenol 
from  phenol.  Small  quantities  of  phenol,  well  cooled  by  a  frigorific 
mixture,  are  added  to  small  portions  of  the  strongest  nitric  acid, 
likewise  well  cooled;  the  mixture  thus  obtained  is  immediately 
poured  into  water.  The  experiment  is  best  performed  in  test 
tubes.  It  is  necessary  carefully  to  avoid  every  continued  reaction 
Avhich  would  unavoidably  produce  higher  nitro-compounds.  By 
distilling  the  mixture  of  water,  oil,  and  resin,  the  nitrophenol  is 
easily  purified. 

The  second  method  consists  in  mixing  the  phenol  with  a  suffi- 
cient quantity  of  water  to  produce  a  homogeneous  liquid.  This 
mixture  is  then  distilled  with  an  equal  volume  of  ordinary  nitric 
acid.  In  the  commencement  of  the  operation,  nothing  but  water 
passes  over;  suddenly,  however,  a  reaction  takes  place,  the  liquid 
in  the  retort  becoming  brown,  a  resinous  mass  separates,  and 
on  continuing  the  distillation,  oily  drops  of  nitrophenol  pass  over 
with  the  vapour  of  water.  The  former  method  frequently  fails, 
but  yields  when  successful  a  larger  product  than  the  latter.  By 
this  last-mentioned  process,  nitrophenol  is  always  obtained ;  but 
many  operations  are  required  in  order  to  procure  a  moderate 
quantity  of  this  substance.  On  the  whole  I  am  inclined  to  give 
the  preference  to  the  second  process. 

Nitrophenol,  whether  prepared  from  aniline,  or  procured  by 
one  or  the  other  process  from  phenol,  forms  a  beautiful  light 
yellow  crystalline  mass  of  an  aromatic  and  rather  agreeable 
odour.  It  fuses  at  42°,  forming  a  transparent,  almost  colourless 
oil,  which  resolidifies  at  26°.  The  boiling  point  of  nitrophenol  is 
216°. 

The  analysis  of  this  substance  furnished  the  following  results. 
Analysis  I.  refers  to  a  less  pure  product  obtained  from  aniline. 
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Analysis  II.  was  made  with  a  perfectly  pure  compound  prepared 
from  phenol. 

I.  0*199  grm.  of  substance  gave 
0*370     „     of  carbonic  acid  and 
00 n     ,,     ,,  water. 

II.  0*344  grm.  of  substance  gave 
0*650     „     „  carbonic  acid  and 
0*115     „     „  water. 

The  formula 

C,,H,N06  =  C,,  (^?5j  O, 

requires  the  following  values. 


1 

heory. 

Experiment. 

N 

I. 
50*75 

II. 

12  eq.  of  Carbon 

72 

51*79 

51-45 

5  „     „  Hydrogen 

5 

3-59 

4*00 

3*72 

1  „     „  Nitrogen 

14 

— 

— 

— 

6  „     „  Oxygen 

48 

— 

— 

— 

]  eq.ofNitrophenol  139  10000 

The  discovery  of  nitrophenol  fills  a  gap  in  the  series  of  the  nitro- 
derivatives  of  phenol,  which  is  thus  completed. 

Phenol      .     .     Cj,  Hg  O^     Phenylic  alcohol. 

Nitrophenol       C12    (    -f^q      )    Oj     Nitrophenasicacid. 

Dinitrophenol    C12    (  c\-(  A    )    O2     Nitropheuesic  acid. 

Trinitrophenol    Cj2    (  ('\xr^\     )    ^2     Nitrophenisic  acid. 

Nitrophenol  is  but  slightly  soluble  in  water,  to  which  it  imparts 
a  distinctly  acid  reaction.  It  is  extremely  soluble  in  alcohol  and 
ether.  The  alcoholic  solution  is  strongly  acid.  From  the  alcoholic 
as  well  as  from  the  ethereal  solution,  the  compound  is  obtained 
in  magnificent  crystals  en  slow  evaporation. 

On  pouring  potassa,  soda,  or  ammonia  on  nitrophenol,  the 
substance  is  at  once  converted  into  crystalline  compounds  of  a 
magnificent  scarlet  coloui.     These  are  salts  of  nitrophenol,  which. 
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accordingly,  may  also  be  called  nitrophencsic  acid.  The  colour 
of  these  salts*  is  so  characteristic,  that  in  preparing  nitrophenol, 
the  alkahes  may  be  conveniently  employed  as  reagents  for  the 
compound.  When  the  addition  of  potassa  or  ammonia  to  the  pro- 
duct of  the  reaction  furnishes  yellow  crystals,  or  yellow  solutions, 
it  may  be  inferred  with  certainty  that  the  reaction  has  gone  too 
far,  and  that  dinitrophenol  and  trinitrophenol  only  have  been 
produced. 

The  alkaline  salts  of  nitrophenol,  which  are  difficultly  soluble  or 
insoluble  in  an  excess  of  the  alkalies,  dissolve  with  the  greatest 
facility  in  pure  water.  It  is  consequently  rather  difficult  to 
purify  them  by  crystallisation.  A  tolerably  pure  sodium-compound 
Avas  obtained  by  treating  the  acid  with  an  excess  of  caustic 
soda,  allowing  the  compound  to  remain  in  contact  with  the  air 
until  the  whole  of  the  uncombined  soda  had  been  carbonated,  and 
by  recrystallising  it  from  absolute  alcohol. 

0*515  grm.  of  the  salt  gave,  on  being  treated  with  hydrochloric 

acid 
0-1898  grm.  of  chloride  of  sodium   =  14-48  p.  c.  of  sodium. 


The  formula 


H, 


Ci2(H,Na)N06  =  C,2   I  NO  J  O^, 
requires  14*28  p.  c.  of  sodium. 

The  solution  of  the  sodium-compound  yields  no  precipitate  with 
chloride  of  barium  and  calcium.  Acetate  of  lead  and  protochloride 
of  mercury  throw  down  orange-red  compounds.  Nitrate  of  silver 
furnishes  a  deep  orange-red  precipitate,  which  is  difficult  to  wash 
free  from  the  soluble  salt,  on  account  of  its  gelatinous  character, 
and  also  because  it  is  rather  soluble  in  water. 

On  analysis  the  following  numbers  were  obtained  : 

I.  0-2365  grm.  of  the  silver-salt  gave,  on  ignition 
0-1030    „  =  43-5  p.  c.  of  silver. 

II.  0*549  grm.  silver-salt  gave 

0-3235  „  of  chloride  of  silver  =  44*33  p.  c.  of  silver. 
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The  formula 

C,,(H,Ag)N06  =  C,,  (  NO  J  O, 

requires  4392  p.  c.  of  silver. 

The  idea  of  submitting  nitrophenol  to  the  action  of  reducing 
agents  naturally  suggested  itself.  The  ammoniacal  solution  of  the 
compound  is  but  difficultly  and  slowly  obtained.  The  reduction 
succeeded,  however,  rapidly  and  without  difficulty  in  a  potassa-  or 
soda-  solution.  There  is  formed  in  the  reaction,  together  with  a 
deposit  of  sulphur,  a  compound  perfectly  different  from  nitrophenol, 
which  crystallises  in  white  needles,  soluble  in  water,  alcohol,  and 
ether,  and  possessing,  like  the  amidated  aromatic  acid,  at  once 
feebly  acid  and  feebly  basic  properties.  This  substance,  to  which 
the  name  amido-phenol  might  be  given,  obviously  contains 

C,,H,NO,  =  C,,  (  ^|j^  )  0„ 

and  is  formed  according  to  the  equation 

C12H5NO6  +  6HS  =  C12H7NO2  +  4H0  +  6S. 

Amido-phenol  is  a  rather  unstable  compound.  In  contact  with 
the  air,  it  is  rapidly  blackened,  especially  when  in  solution.  From 
reasons  to  which  I  have  already  alluded,  I  have  not  prosecuted  any 
further  the  study  of  this  compound,  which  promises  many  inte- 
resting results.  The  action  of  nitrous  acid  upon  amido-phenol 
will  probably  yield  the  acid, 

C12H6O4, 

which  is  but  little  known  at  present,  and  whose  alleged  chlorine- 
and  nitro-  substitutes — chloroniceic  and  nitrochloroniceic  acid, 
chloronicin,  &c. — attracted,  some  years  ago,  the  lively,  but  it 
would  appear,  undeserved  attention  of  chemists. 
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Researches  on  the  constitution  of  the  nitrogenous  organic  basis, 
\vhicli  I  zealously  prosecuted  some  years  ago,  and  the  results  of 
which  were  communicated  to  the  Chemical  Society,  have  been,  by 
circumstances,  interrupted  for  some  time.  Nearly  all  the  obser- 
vations recorded  in  my  communications  refer  to  the  primary  or 
amidogen-bases,  i.  e.,  the  compound  ammonias  in  which  one 
equivalent  of  hydrogen  is  replaced  by  an  organic  molecule.  Of 
the  secondary  and  tertiary  bases  (imidogeu-  and  nitrile-  bases)  i.  e., 
the  ammonias  in  which  two  or  three  equivalents  of  hydrogen  are 
replaced,  and  of  the  fixed  aramonium-bages,  little  more  is  known 
at  present  than  their  mode  of  formation  and  their  composition. 

On  again  taking  up  this  subject,  lately,  it  appeared  of  para- 
mount importance  to  search  for  new  and,  if  possible,  simpler 
methods  of  forming  the  secondary  and  tei-tiary  bases. 

Of  the  several  experiments  made  for  this  purpose,  on  which  I 
intend  to  report  at  another  opportunity,  I  may  be  allowed  even 
now  to  quote  a  result  which  appears  to  be  capable  of  a  more 
general  application. 

One  of  the  common  methods  of  preparing  the  amidogen-bases, 
consists  in  treating  the  cyanic  ethers  with  hydrate  of  potassa, 
as  observed  by  Wurtz.  To  take  a  special  case,  cyanate  of  ethyl, 
when  treated  with  hydrate  of  potassa,  assimilates  two  equivalents 
of  water,  and  splits  into  ethylamine  which  is  set  free,  and  car- 
bonic acid  which  is  fixed  by  the  alkali.  An  appropriate  modifi- 
cation of  this  reaction  appeared  to  afibrd  a  means  of  passing 
directly  from  cyanate  of  ethyl  to  iriethylamine.  For  this  pur- 
pose it  was  only  necessary  to  offer  to  the  cyanate  of  ethyl  two 
equivalents  of  oxide  of  ethyl,  instead  of  two  equivalents  of  water. 
The  action  of  cyanate  of  ethyl  upon  ethylic  potassa,  appeared  to 
involve  the  conditions  necessary  for  accomplishing  this  result. 

Experiment  has  fully  confirmed  this  anticipation. 

On  digesting  for  several  hoars,  at  a  moderate  temperature,  a 
iTiixture  of  cyanate  of  ethyl  with  pure  ethylic  potassa  or  soda 
[i.  e.,  absolute  alcohol,  saturated  as  far  as  possible  with  potassium 
or  sodium),  and  distilling  subsequently  upon  a  sand-bath,  a 
strongly  alkahne  liquid,  containing  alcohol,  is  obtained.  Saturated 
with  hydrochloric  acid,  this  liquid  furnishes,  on  evaporation  to 
dryness,  a  residue  from  which  a  considerable  quantity  of  triethyla- 
miue  is  expelled,  upon  addition  of  potassa. 
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The  analogy  of  the  two  processes,  for  the  formation  of  ethy- 
lamiue  and  triethylamine  is  obvious,  on  glancing  at  the  following 
equations : 

C„ENO,  +2(K0,H0)  =n|h       +   2KCO3 

(h 

Cyanate  of  ethyl.        Hydrate  of        Ethylamine.       Carbonate  of 
potassa.  potassium. 

TE 
C0ENO2   +2(K0,E0)=N^E         +   2KCO3 

(E 

Cyanate  of  ethyl.         Ethylic  Triethyla-         Carbonate  of 

potassa.  mine.  potassium. 

There  could  be  no  doubt  regarding  the  identity  of  the  alkaline 
compound  thus  formed  with  triethylamine.  The  base  floating  on 
the  sm-face  of  the  saturated  aqueous  solution  possessed,  in  a 
marked  manner,  the  characteristic  odour  of  triethylamine.  In 
order  to  exclude  the  possibility  of  a  mistake,  the  hydrochloric 
solution  of  the  compound  was  mixed  with  a  solution  of  bichloride 
of  platinum.  Only  after  protracted  standing  of  the  highly  con- 
centrated solution,  deep  orange-coloured  well-formed  crystals  of 
platinum-salt  were  deposited,  the  physical  characters  of  which  were 
still  fresh  in  my  memory. 

The  determination  of  platinum  furnished  the  following  results : 

First  crystallisation : 

I.  0-3055  grm.  salt  gave  O'lOO  grm.  platinum. 

Second  crystallisation  : 

II.  0-31025  grm.  salt  gave  0101  grm.  platinum. 

The  percentages  of  platinum  corresponding  to  these  numbers 
agree  with  the  formula. 

N  ^  E     HCl,  PtClj 

(e 

Theory.  Experiment. 

I.  II. 

Platinum  32-12  32-73  32-55 

p 
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The  small  excess  of  platinum,  which  must  be  obviously  attributed 
to  a  minute  admixture  of  ethylamine,  cannot  be  a  matter  of 
surprise,  if  we  recollect  that  the  smallest  trace  of  moisture,  either 
in  the  ethylic  potassa  or  in  the  cyauate  of  ethyl,  must  lead  to  the 
formation  of  a  corresponding  quantity  of  ethylamine. 

I  have  already  applied  this  reaction  in  various  directions, 
and  shall  communicate  the  results  which  I  hare  obtained,  at  a 
future  period.  On  considering  how  frequently,  in  the  action  of 
hydrated  potassa  upon  organic  substances,  the  hydrogen  of  the 
water  of  hydration  is  assimilated  by  the  product  of  decomposition, 
the  substitution  of  ethylic  potassa  for  the  hydrate  appears  in  many 
cases  to  promise  a  new  means  of  ethylation.  The  facility,  however, 
with  which  ethylic  potassa  decomposes,  even  at  comparatively  low 
temperatures,  must  always  be  an  obstacle  to  au  extensive  use  of 
this  reaction. 


III. FORMATION'    OF    THE    CRYSTALLINE    COMPOUND     OF     HYDRIODIC 

ACID    AND    PHOSPHORETTED    HYDROGEN. 

This  beautiful  body,  which,  in  consequence  of  the  recent  in- 
quiries into  the  nature  of  the  phosphorus-bases,  has  acquired  new 
and  additional  interest,  is  not  very  easily  produced.  Often  it  is 
obtained  in  well-defined  crystals,  as  an  accidental  by-product  in 
the  last  stage  of  the  preparation  of  anhydrous  hydriodic  acid, 
whilst  distillation  of  phosphorus,  water,  and  iodine,  carried  out 
specially  with  the  view  of  producing  it,  frequently  furnishes  either 
no  result  at  all,  or  only  a  scanty  crop  of  impure  crj'stals,  however 
carefully  the  given  prescription  may  have  been  followed.  This  is 
pai'ticularly  undesirable  if  the  operation  be  performed  as  a  lecture- 
experiment,  not  to  speak  of  the  facility  with  which  phosphorus  is 
carried  over,  or  of  the  danger  of  explosion.  I  have  lately  observed 
the  formation  of  the  body  in  question,  under  circumstances  which 
exclude  this  inconvenience,  and  which  may,  therefore,  be  recom- 
mended as  an  illustration  for  lectures. 

Iodine,  gently  heated  in  dry  phosphoretted  hydrogen,  decom- 
poses  this    gas :    iodide    of   phosphorus    and    hydi-iodic    acid    are 
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generated^  and  the  latter  combines  with  the  excess  of  phosphoretted 
hydrogen. 

5  1+4  H3P  =  PI2   +   3  (H3P,  HI) 

The  delivery-tube  which  supplies  the  non-spontaneously  inflam- 
mable phosphoretted  hydrogen,  is  connected  with  a  drying  tube 
containing  lime,  which  in  its  turn  passes  into  a  long  combustion- 
tube,  fixed  horizontally.  In  the  front  part  of  this  tube  are  placed 
a  few  crystals  of  iodine.  As  soon  as  the  dry  phosphoretted  hydro- 
gen gas  reaches  the  crystals,  they  begin  to  change  colour,  and 
when  gently  heated  with  a  spirit-lamp,  are  rapidly  converted 
into  scarlet  iodide  of  phosphorus;  whilst,  at  the  same  time,  the  cold 
part  of  the  tube  becomes  coated  with  a  silver-like  crystalline  net- 
work of  hydriodate  of  phosphoretted  hydrogen. 

The  experiment  was  frequently  repeated  without  an  explosion 
occurring. 

I  have  endeavoured,  but  without  success,  to  produce  analogous 
compounds,  by  heating  iodine  in  antimonetted  and  in  arsenetted 
hydrogen. 


XIX. — On  the  Action  of  Sulphuric  Acid  on  Anisic  Acid. 
By  Louis  Zervas. 

In  their  paper  on  the  action  of  sulphmnc  acid  on  the  Amides 
and  Nitriles,  Dr.  Hofmann  and  Mr.  Buckton  have  directed  the 
attention  of  chemists  to  the  more  general  occurrence  of  disulpho- 
acids,  and  established  the  formation  of  such  acids  in  several  series 
of  compounds. 

At  the  suggestion  of  Dr.  Hofmann,  I  have,  in  his  laboratory, 
endeavoured  to  obtain  the  disulpho-acids  of  different  bodies,  which 
hitherto  had  not  been  examined  in  this  direction. 

The  experiments  to  be  described  in  the  following  pages,  refer 
particularly  to  the  aromatic  acids  with  six  equivalents  of  oxygen. 
I  have  chosen,  in  the  first  place,  one  of  the  most  characteristic 
representatives  of  this  class,  anisic  acid. 

The  decomposition  of  acetic  acid,  under  the  influence  of  the 
alkalies,  into  marsh  gas  and  carbonic  acid,  and  its  conversion  by 
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the  action  of  sulphuric  acid  iuto  a  substauce  which  may  be  con- 
sidered as  a  compound  of  marsh  gas  with  4  eq.  of  anhydrous 
sulphuric  acid,  left  scarcely  a  doubt  as  to  the  deportment  of  the 
acid  under  examination  with  sulphuric  acid.  Anisic  acid,  by  the 
action  of  the  alkalies,  splits  into  carbonic  acid  and  anisol  j  the 
formation  of  a  di-sulphanisoUc  acid  vras  therefore  exceedingly 
probable.     Experiment  has  coiToborated  this  anticipation. 

Preparation  of  Anisic  Acid. — A  comparatively  small  quantity  of 
pure  anisic  acid  is  obtained  by  treating  oil  of  aniseed  in  the  usual 
way  with  nitric  acid,  since  the  formation  of  a  considerable  quantity 
of  nitroanisic  acid  can  scarcely  be  prevented. 

It  appeared,  therefore,  highly  desirable  to  find  out  a  new  mode 
of  preparation.  By  treating  oil  of  aniseed  Avith  bichromate  of 
potassium  and  sulphuric  acid,  a  much  better  result  is  obtained. 

Six  parts  of  bichromate  of  potassium  are  dissolved  in  a  capacious 
vessel  in  9  parts  of  water  and  7  parts  of  concentrated  sulphuric 
acid.  To  this  solution,  1  part  of  oil  of  aniseed  is  then  added,  and 
the  whole  agitated.  After  a  few  minutes,  a  violent  reaction 
sets  in,  the  liquid  intumesces  powerfully,  and  is  apt  to  run  over 
nnless  the  vessel  be  rather  large.  After  the  lapse  of  half  an  hour, 
cold  water  is  added  in  order  to  separate  the  anisic  acid,  which  is 
very  little  soluble  in  this  menstruum.  By  crystallisation  from 
hot  alcohol,  the  acid  may  be  obtained  in  a  state  of  purity. 

The  quantity  of  acid  procured  by  this  process  averages  about 
50  per  cent,  of  the  oil  employed. 

Action  of  fuming  Sulphuric  Acid  on  Anisic  Acid  at  the  Temperature 
o/100°  C. — If  anisic  acid  be  mixed  with  Nordhausen  sulphuric  acid, 
so  as  to  form  a  sjTupy  mass,  and  the  mixture  be  digested  on  the 
water-bath  for  about  two  hours,  the  liquid  may  then  be  diluted  with 
water  without  becoming  turbid.  A  smaller  or  larger  quantity  of 
anisic  acid  is  invariably  precipitated  if  the  digestion  has  not  been 
continued  long  enough.  On  adding  an  excess  of  well- washed  carbon- 
ate of  lead  to  this  solution,  in  order  to  remove  the  free  sulphuric 
acid,  and  filtering  the  hot  solution  obtained  by  repeatedly  boiling 
out  the  lead-precipitate,  a  considerable  quantity  of  brilliant  crys- 
talline needles  are  deposited  on  cooling.  The  mother  liquor 
furnishes  on  evaporation  a  further  crop.  These  needles  are  the 
lead-salt  of  a  sulpho-acid,  which  I  propose  to  call  sulphanisic  acid. 

Sulphanisate  of  lead.-^—Thh  salt  is  little  soluble  in  cold  water,  not 
at  all  soluble  in  alcohol ;  it  dissolves,  however,  easily  in  boiling 
water,  and  may  be  purified   by   recrystallisation  from   hot  water. 
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The  salt  becomes  less  soluble  by  being  repeatedly  recrystallised. 
The  analysis  of  the  salt,  dried  at  100°  C,  gave  the  following 
results. 

I,  0"5258  grm.  gave  0*351  grm.  of  sulphate  of  lead. 
II.  i-2703  grm.     „     0-8421  grm. 

III.  0'3939  grm.  fused  with  chlorate  of  potassium  and  carbonate 

of  sodium,  gave  0*2024  grm.  sulphate  of  barium. 

IV.  0*7052  grm.  burnt  with  oxide  of  copper  gave  0*5408  grm.  of 

carbonic  acid,  and  0*1137  of  water. 
V.  0*8248  grm.  gave  0*6307  grm.  of  carbonic  acid, 
and  0*1322  grm.  water. 
VI.  2*0220  grm,  dried  at  175°  C  lost  00772  grm.  of  water. 

Percentages  correspon  ding  to  these  numbers : 


I. 

II. 

III. 

IV. 

V. 

Lead         45*61 

45-3 

— 

— 

— 

Carbon       — 

— 

— 

20*92 

20-85 

Hydrogen  — 

— 

— 

1*79 

1*78 

Sulphur     — 

— 

7*05 

— 

— 

leading  to  the  formula 

C,6(H3Pb,)S,0,, 

as  may  be  seen  by  the 

following 

comparison — 

Theory. 

Experiment. 

Carbon 

16 

96 

21*09 

20*89 

Hydrogen 

8 

8 

1*76 

1*79 

Lead 

2 

207*14 

45*51 

45*45 

Sulphur 

2 

32 

7*03 

7*05 

Oxygen 

14 

112 

24*61 

— 

45514 

100-00 

The  determination  of  Avater  in  experiment  VI.  shows,  however, 
that  the  salt  contains  two  equivalents  of  water. 

Theory.  Experiment. 

1  eq.  of  the  dry  lead-salt    .     437*14  9605  — 

2  eq.  of  water         .  .        18  3-95  3-81 

455*14  100-00 
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and  the  proper  formula  of  the  salt  is  therefore 
C.JHgPb^jS^Oi^  +  2Aq. 

Sulphanisate  of  lead  may  also  be  obtained  by  treating  anisic 
acid  with  the  ordinary  hydrate  of  sulphuric  acid  at  a  tempera- 
ture of  ]  10°  C. 

Sulpha nisic  Acid. — By  decomposing  the  lead-salt  in  the  usual 
way,  by  means  of  hydrosulphuric  acid,  free  sulphauisic  acid  is 
readily  obtained.  It  may  be  boiled  without  decomposing,  and 
furnishes,  when  slowly  evaporated,  small  crystals.  They  are 
insoluble  in  alcohol,  but  soluble  in  ether.  After  ha\ang  been 
dried  in  the  water-bath,  sulphanisic  acid  may  be  heated  as  high  as 
170°  without  fusing  or  suffering  decomposition.  0*8926  grni. 
dried  over  sulphuric  acid,  when  heated  to  100°  C,  lost  0-0612  grm. 
water,  corresponding  to  69  per  cent. 

I.  0-3801  grm.  (dried  at  100°  C.)  fused  with  chlorate  of  potas- 
sium and  carbonate  of  sodium  gave  0-3915  grm.  of  sulphate  of 
barium. 

II.  0-2142  grra.  gave  0*2202  grm.  of  sulphate  of  barium. 
These  sulphur-determinations  lead  to  the  formula 

Theory.  Experiment. 

Sulphur  .     .       13-8  14-13       14*10 

The  acid  dried  over  sulphuric  acid  has  the  formida 
CieHsS^Oi^  +  2  Aq. 

Theory.  Experiment. 

1  eq.  of  acid      .     232       92-8  — 

2  eq.  of  water    .       18         7*2  6*9 


250     100-0 

Sulphanisate    of  Barium. — Beautiful    readily  soluble    crystals 
obtained  by  saturating  the  acid  by  carbonate  of  barium. 

The  analysis  of  the  salt  dried  at   100°  furnished  the  followiug 
results : — 

I.  04596  grra.  gave  0-2783  of  sulphate  of  barium. 
II.  0-8496  grm.     „     0-5140  „  „ 
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III.  When   heated    from    100°   to   170^   it  lost   4-7  per  cent, 
of  water. 


The  formula 

C,,(H,Ba,)S,0,,  +  .2Aq. 
requires  the  following  values : — 


Theory. 

Experiment. 
1.             n.         m. 

Carbon 

.     16 

96 

24-92 

—          —        — 

Hydrogen 

.       6 

6 

1-56 

—          —        — 

Barium 

2 

137-2 

35-62 

35-73     35-7      — 

Sulphirr     . 

.       2 

32 

8-31 

—         _       _ 

Oxygen      . 

.     12 

96 

24-92 

—         —       — 

Water  .     . 

.       2 

18 
385-2 

4-67 

—         —     4-7 

10000 

The  potassium-  and  sodium-salts  of  sulphanisic  acid  crystallise 
easily;  both  are,  however,  surpassed  in  beauty  by  the  ammonium- 
salt,  which  forms  verj^  long  and  fine  needles. 

The  silver-salt  is  obtained  by  treating  the  acid  with  carbonate 
of  silver ;  it  is  rather  difficultly  soluble  in  water,  and  crystallises 
in  scales. 

Action  of  Nordhausen  Sulphuric  Acid  upon  Anisic  acid  at  a 
higher  temperature.  —  If  a  mixture  of  the  two  acids  be  heated  to 
140^"  instead  of  digesting  it  on  the  water-bath,  a  gas  is  generated 
wliich  is  easily  recognised  as  carbonic  acid.  The  evolution  of 
carbonic  acid  is  gradually  increased,  until  the  temperature  has 
reached  200°.  On  raising  the  heat  still  further,  an  evolution  of 
sulphurous  acid  is  distinctly  perceptible,  and  the  operation  must 
be  interrupted  in  order  to  prevent  further  alterations. 

Ill  order  to  examine  the  product  furnished  by  sulphuric  acid 
under  these  altered  circumstances,  a  portion  of  the  syi-upy  liquid 
was  saturated  with  carbonate  of  barium  and  the  solution  separated 
from  the  sulphate  of  barium  evaporated ;  but,  by  this  means  only 
very  impure  crystals  were  deposited.  In  order  to  obtain  a  purer 
compound,  the  sulphuric  acid  solution  was  saturated  with  car- 
bonate of  lead,  the  filtrate  from  the  lead-salt  evaporated  to 
dryness,   and   the   residue  fbssolved  in  as  little  water  as  possible. 
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Addition  of  strong  alcohol  to  this  solution  threw  down  a  consi- 
derable precipitate,  which  was  washed  with  alcohol  and  decom- 
posed by  means  of  sulphuretted  hydrogen.  The  acid  thus 
separated,  when  saturated  with  carbonate  of  barium,  gave  small 
crystalHue  grains,  which  became  colourless  by  repeated  recrys- 
tallisation.  If  we  remember  the  transformation  of  anisic  acid 
by  the  action  of  alkalis,  into  carbonic  acid  and  anisol,  if  we 
consider  moreover  the  circumstances  under  which  the  new  acid  is 
formed,  we  cannot  possibly  have  any  doubt  as  to  its  composition. 
This  new  acid,  which  may  be  called  Disidphanisolic  acid,  must 
obviously  contain 

OuHsS.O,,  =  C,,H30,  +  4SO3. 

Experiment  has  fully  corroborated  this  view,  as  is  evident  from 
the  following  analysis  of  the  barium-salt : 

I.  0*4170  grm.  of  barium-salt  gave  0*2319  grm.  of  sulphate  of 
barium. 
II.  08864  grm.  gave  0'493  of  sulphate  of  barium. 

III.  0'5412  grm.  oxidised  by  means  of  chlorate  of  potassium,  gave 

05943  grm.  sulphate  of  barium. 

IV.  0*4069  grm.  burnt  with  oxide  of  copper  and  chromate  of  lead, 

gave   0*2617  grm.  of  carbonic  acid  and  00699 
grm.  of  water. 

Percentages :  i.  11.  11 1.  iv. 

Carbon  _  _  _  I9.I3 

Hydrogen  —  —  —  1-93 

Barium  32*72  33*0  —  — 

Sulphur  —  —  15*07  — 

These  numbers  lead  to  the  formula 

Ci.HsBa^S.O.e  =  Ci,(H6Ba2)  S,  0,^  +  2Aq. 

which  requires  the  following  values. 


Carbon 

14 

Theory. 
84 

19*94 

Experiment 

19*13 

Hydrogen    . . 

8 

8 

1*89 

1*93 

Barium 

2 

137*2 

32*6 

32*86 

Sulphur 

4 

64 

15*19 

15*07 

Oxygen 

16 

128 

30*48 

421-2 

100*00 
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It  appeared  of  some  interest  to  ascertain  whether  the  new  acid 
might  also  be  prepared  directly  from  anisol.  A  quantity  of  this 
substance  was  therefore  heated  together  with  fuming  sulphuric 
acid,  and  a  salt  obtained  by  saturating  with  carbonate  of  barium, 
which  crystallised  exactly  like  the  disulphanisolate  of  barium.  Dried 
at  100°,  and  subjected  to  analysis,,  it  gave  the  following  results  : 

I.  0*5436  grm.  gave  0"3017  grm.  of  sulphate  of  barium. 
II.  0-3517  grm.    „      0-1959  grm.  „ 

III.  1-3889  grm.  lost   00605  grm.  water  when  heated  to  175°C 

No  sulphur-determination  was  made,  but  it  was  ascertained 
that  the  hydrochloric  solution  of  the  salt  fused  with  chlorate  of 
potassium  and  carbonate  of  sodium,  still  yielded  a  precipitate  with 
chloride  of  barium,  showing  that  the  salt  contains  more  sulphiiric 
acid  than  corresponds  to  the  barium.  From  the  analysis,  it  is 
obvious  that  the  barium-salt  prepared  from  anisol  is  identical 
with  the  barium-salt  obtained  by  means  of  anisic  acid. 

The  formula 

Ci^HgBaaS^Oi,  +  2Aq. 

requires  the  following  values,  which  I  place  in  juxta-position  with 
the  experimental  percentages. 

Theory.  Experiment. 

I.  II.  III. 

Barium     .     32-6  327  33-28  — 

Water       .4-3  —  —  4-35 

The  difficulty  of  obtaining  larger  quantities  of  disulphanisohc 
acid  has  prevented  me  from  following  up  the  examination  of  this 
acid  any  further.  I  will  only  observe  that  the  acid  obtained  by  the 
decomposition  of  the  lead-salt  did  not  crystallise,  and  was  decom- 
posed on  boiling. 
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POSTSCRIPT. 

From  the  preceding  experiments,  it  is  ob\'ious  that  the  action 
of  sulphuric  acid  upon  organic  acids  with  six  equivalents  of 
oxygen^  is  perfectly  similar  to  that  which  this  agent  exerts  upon 
acids  with  four  equivalents  of  oxygen. 

Acetic  Acid. 
1st  stage.      C^H^O^  +  2HS04  =  C^H^S20io  +  2HO. 
2nd  stage.     C^H^O^  +  4HSO^  =  C2H^S^Oi2  +  4H04-2C02. 

Anisic  Acid. 
1st  stage.      Ci6H806  +  2HSO^=Cj6HsS20i2  +  2HO. 
2nd  stage.     Ci6Hs06  +  4HSO^  =  Ci^H8S^Oi^  +  4HO  +  2C02. 

There  can  be  no  doubt  that  salicylic  acid,  in  many  respects 
so  closely  allied  to  anisic  acid,  must  exhibit  a  similar  deportment. 
Mr.  Baldwin  Duppa  has  been  occupied  with  this  subject  in  my 
laboratory,  and  has  already  studied  the  first  term,  sulpho-salycilic 
acid, 

^14  Hg  S2  Oj2 

which  forms  extremely  beautiful  compounds. 

On  submitting  saUcylic  acid  to  the  action  of  an  excess  of  sul- 
phuric acid,  at  a  temperature  of  180°,  the  same  phenomena 
present  themselves  which  are  noticed  in  the  case  of  anisic  acid ; 
a  powerful  evolution  of  carbonic  acid  ensues,  and  the  solution 
noAV  contains  a  new  sulpho  acid.  As  yet  Mr.  Duppa  has  not 
succeeded  in  obtaining  this  acid  in  a  state  of  sufficient  purity  for 
analysis,  but  it  may  be  assumed,  without  much  hesitation,  that  it 
will  be  found  to  be  disulphophenic  acid 

A.  W.  H. 
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XX. — On  an  Optical  Test  for  Didymium. 
By  J.  H.  Gladstone,  Ph.D.,  F.R.S. 

In  a  recent  paper  on  the  use  of  the  prism  in  qualitative  analysis, 
I  described  a  method  by  which  the  light  transmitted  through 
different  thicknesses  of  a  solution  might  be  easily  and  satisfactorily 
determined.  Among  a  number  of  solutions  which  I  have  since 
examined  in  that  manner,  was  one  of  red  nitrate  of  cerium.  A 
prismatic  appearance  presented  itself,  in  which  the  violet  rays 
were  seen  to  be  gradually  absorbed  as  they  traversed  greater 
thicknesses  of  the  solution  ;  but  what  attracted  my  attention  more 
particularly,  was  two  very  black  lines  in  the  midst  of  what  was 
otherwise  a  very  luminous  portion  of  the  spectrum,  the  one  in  the 
yellow  following  directly  upon  the  bright 
space  immediately  beyond  the  fixed  line 
D,  the  other  in  the  green,  midway  between 
E  and  b.  The  breadth  of  the  first  line 
was  about  one-thirtieth,  and  that  of  the 
other  about  one-fortieth  of  the  whole 
breadth  of  the  spectrum^  the  general 
appearance  of  which  is  represented  in 
the  annexed  diagram. 

From  the  extreme  blackness  of  the 
first  of  these  lines,  even  where  the  stratum 
of  liquid  was  very  thin,  it  seemed  likely 
to  prove  a  delicate  test  for  whatever  metal  gave  rise  to  it.  But 
what  was  that  metal  ?  The  specimen  of  nitrate  was  confessedly 
impure,  and  contained,  in  all  probability,  lanthanum  and  didymium 
as  well  as  cerium.  For  the  purpose  of  deciding  between  these 
different  substances,  Mr.  Watts  kindly  lent  me  his  specimens  of 
pui'e  compounds  of  cerium  and  didymium,  namely,  some  of  the 
brown  oxide  and  pale  pink  sulphate  of  didymium,  and  of  the  fawn- 
coloured  sesquioxide  of  cerium  ;*  and  I  happened  to  have  in  my 
possession  a  small  specimen  of  carbonate  of  lanthanum,  given  me 
by  Mr.  C.  Greville  Williams. 

On  examining  by  the  prism  the  solutions  of  salts  prepared  from 
these,  it  was  at  once  evident  that  the  red  nitrate  of  didymium 
produced   the   spectrum   above   described,    while   the   pale   rose- 

*  See  his  paper :   Quart.  Journ.  Chem.  Soc,  vol.  ii,  p.  131. 
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coloured  solutions  of  sulphate  and  chloride  exhibited  the  two 
black  lines  without  absorbing  the  violet,  or  other^vise  affecting 
the  normal  spectrum. 

The  yellowish  salts  of  peroxide  of  cerium,  when  dissolved, 
gradually  cut  off  the  violet  and  indigo  rays,  but  did  not  produce 
the  black  lines.  The  colourless  salts  of  the  protoxide  had  no 
more  effect  on  the  transmitted  light  than  pure  water  has. 

The  colourless  solution  of  sulphate  of  lanthanum  likewise 
absorbed  no  rays ;  but  a  faint  dimness  showed  itself  beyond  D, 
when  the  stratum  was  thick,  which,  however,  was  attributed  ^rith- 
out  hesitation  to  a  trace  of  didymium. 

A  prismatic  examination  of  the  light  reflected  from  crystals  of 
sulphate  of  didymium,  also  showed  these  lines,  but   the  brown 
oxide  did  not  exhibit  them.     So  delicate,  too,  is  this  test,  that  one 
part  of  the  sulphate  dissolved  in  1,000  parts  of  water  showed  the 
line  in  the  yellow  as  a  distinct  darkening,  when  half  an  inch  of  the 
solution  was  looked  through.     I  have  uo  reason  to  think  that 
other  combinations  of  the  metal  would  have  less  absorbent  power ; 
and  as  the  atomic  weight  of  the  crystallised  sulphate  is  120,  while 
that  of  didymium  itself  is  48,  it  may  be  fairly  reckoned  that  005 
per   cent,   of  didymium  in  a  solution  may  be  detected  by  this 
optical  peculiarity.     Nor  does  the  presence  of  other  bodies  inter- 
fere with  the  application  of  this  test;  the  alkalies  and  earths,  and 
zinc,  lead,  and  other  metals  which  give  colourless  solutions,  cannot 
affect  it;  and  supposing  iron,  uranium,  or  other  colorific  metals  to 
be  present,  it  is  immaterial,  since  they  do  not  soon  cut  off  the  parti- 
cular rays  in  which    this  absorption   occurs.     The   only  mineral 
compounds  which,  as  far  as  I  am  aware,  might  practically  inter- 
fere, are   a  salt  of  chromium  or  a  permanganate;  but  the  prism 
would  at  once  reveal  the  presence  of  either  of  these ;  while,  on  the 
other  hand,  there  is  nothing,  I  believe,  which  could  be  mistaken 
for  the  peculiar  bands  of  didymium.     If  it  be  desired  to  test  a 
mineral  or  other  body,  for  this  metal,  all  that  is  necessarj-  is  to 
dissolve  it  in  any  acid,  place  the  solution    in    the  hollow  glass 
wedge,  and  analyse  by  a  prism  the  light  of  day,  or  of  a  gas-lamp, 
seen  through  a  narroAv  slit.     In  this  manner  I  have  detected  didy- 
mium not  merely  in  cerite,  but  also  (in  minute  quantity)  in  allauite 
— a  mineral  in  which  it  seems  to  have  been  heretofore  overlooked, 
although  many  analyses  of  this  mineral  have  been  pubUshed,  and 
the  presence  of  cerium  as  a  constituent  would  lead  to  its  being- 
suspected. 
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111  the  analysis  of  rare  earths,  certain  phenomena  of  colour 
have  been  sometimes  suspected  to  arise  from  small  quantities  of  a 
compound  of  didymium  being  mixed  with  them ;  but  from  the 
difficulty  of  establishing  the  presence  or  absence  of  this  body,  the 
question  has  not  been  resolved  either  affirmatively  or  negatively. 
No  such  doubt  need  any  longer  remain.  As  an  instance,  the 
faint  yellowish  colour  frequently  observed  in  yttria  was  suspected, 
by  an  eminent  analyst,  to  be  due  to  a  trace  of  didymium.  Now 
I  happen  to  have  a  specimen  of  yttria  made  from  yttro-tantalite, 
and  so  coloured;  but  on  subjecting  it  to  prismatic  examination,  it 
showed  no  indication  whatever  of  the  black  lines :  the  colour  is 
doubtless  due  to  Mosauder's  terbium. 

The  dilute  solution  of  sulphate  of  didymium  mentioned  above, 
containing  1  part  of  salt  to  1000  of  water,  appears  quite  colour- 
less, and  is,  I  think,  the  first  instance  of  bands  of  absorption, 
beside  Fraunhofer's  lines,  being  detected  in  a  colourless  medium, 
though  the  possibility  of  such  a  case  has  been  long  recognised. 


XXI. — Notice  of  a  new  Maximum  and  Minimum  Mercurial 
Thermometer. 

By  the  Rev.  John  G.  Macvicar,   of  Moffat. 
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A  MERCURIAL  minimum  thermometer  has  long  been  a  desideratum 
to  the  Meteorologist,  as  it  is  next  to  impossible  to  obtain  a  spirit 
thermometer  which  does  not  lag  behind  a  mercurial  one,  so  that, 
even  with  two  instruments,  he  can  seldom  obtain  the  daily  extremes 
with  accuracy.  Here  both  are  given  by  one  instrument,  which  is 
also  available  for  the  laboratory  whenever  it  is  desirable  to  note  the 
extremes  of  tem^perature  to  which  any  substance  under  experi- 
ment has  been  exposed.  The  range  of  this  instrument  is  700°  F, 
including  all  temperatures  except  the  very  lowest,  and  all  heats  to 
which  organic  substances  can  be  subjected  without  decomposition. 
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A  tube  is  taken  with  a  fine  cylindrical  or  rather  regularly 
conical  bore,  such  as  thermometer  tubing  is  generally  obtained  at 
the  glass-Avorks  ;  a  ball  is  blown  as  usual  at  that  end  where  the 
bore  is  widest ;  and  at  the  other  end  A,  another  ball  is  blown. 
Mercuiy  is  then  introduced  in  proper  quantity ;  and  above  the 
mercury  a  steel  index,  as  in  Rutherford^s  maximum  thermometer. 
A  very  small  globule  of  mercury  is  then  introduced  into  the 
ball  A,  and  the  temperature  of  the  instrument  raised  so  that  the 
mercury  in  the  tube  may  be  a  sufficient  number  of  degrees  (say 
40°  for  a  thermometer  to  be  used  in  giving  the  daily  range  of 
temperature)  from  the  top  of  the  tube.  Let  the  tube  be  now 
held  as  represented  in  the  figure,  and  on  the  cooling  of  the  instru- 
ment the  small  globule  of  mercury  in  the  expansion  A,  will  descend 
into  the  tube,  enclosing  between  it  and  the  mercurial  column  of  the 
bulb,  a  column  of  air  about  40°  long  with  a  steel  index  in  it.  Now 
let  another  steel  index  be  introduced  above  this  mercurial  piston, 
and  when  the  instrument  is  all  cool,  let  the  bulb  A  be  sealed  as 
usual,  and  let  fixed  points  be  taken  and  a  scale  constructed. 

The  instrument  being  horizontal  and  the  two  indices  brought 
by  a  small  magnet  one  on  each  side  of  the  mercurial  piston,  it  is 
ready  for  use. 

The  piston  will  obviously  travel  up  and  down  the  tube  as  the 
top  of  the  mercurial  column  issuing  from  the  ball  does,  though 
alternately  by  the  pressure  of  the  air  on  either  side  of  it. 

The  existing  temperature  is  given  by  the  upper  surface  of  the 
mercurial  piston ;  and  by  noticing  whether  it  is  convex  or  concave, 
it  can  be  learned  whether  the  temperature  is  at  that  moment  rising 
or  falling.     In  the  figure  it  is  70°. 

The  maximum  is  obtained  by  observing  the  end  of  the  upper 
index  next  the  piston.     In  the  figure  it  is  90°. 

The  minimum  is  similarly  obtained  from  the  index  on  the  lower 
side,  adding  the  number  of  degrees  which  the  piston  covers,  as  for 
instance  in  the  figure  3°,  giving  58°  for  the  minimum  represented. 

After  observation,  both  indices  may  be  brought  to  their  places, 
by  the  magnet,  without  moving  the  instrument. 

Should  it  be  found  that  aluminium  is  much  preferable  to  steel 
for  such  indices,  or  that  it  were  an  object  to  dispense  with  the 
magnet,  this  may  be  accomplished  by  making  the  tube  curved  and 
placing  it  so  that  the  mercurial  piston  may  always  be  at  the  lowest 
point.  Gentle  tapping  will  then  bring  both  indices  into  their 
initial  position. 
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As  to  the  scale,  it  will  be  observed  that  if  the  bore  were  accu- 
rately cylindrical,  the  degrees  in  the  upper  part  would  require  to 
be  shorter  than  those  of  the  lower  part,  in  consequence  of  the 
shortening  which  the  column  of  air  between  the  mercury  and  the 
piston  must  experience  as  the  pressure  upon  it  is  increased ;  and 
such  shortening  could  be  easily  determined  geometrically.  In 
practice,  however,  this  may  be  made  just  to  balance  the  conicity 
of  the  bore  in  such  bores  in  thermometer  tubing  as  are  usually 
made ;  and  a  scale  of  equal  parts  may  be  applied  to  this  thermo- 
meter, with  as  great  likelihood  of  accuracy  as  in  the  ordinary 
instruments.  By  making  the  piston  short  enough  its  friction  will 
be  very  small ;  and  if  the  tube  be  perfectly  dry,  which  it  ought  to 
be  and  must  be  in  a  good  instrument,  such  a  thermometer  once 
in  situ  will  serve  for  an  indefinite  time  without  croing  wrong. 


XXII. — Analysis  of  the  Tunbridge  Wells  Water. 
By    John    Thomson, 

ASSISTANT   IN   THE   EOTAL   COLLEGE   OF   CHEMISTRY. 

As  it  is  now  forty  years  since  any  analysis  of  the  mineral  water  of 
Tunbridge  Wells  has  been  published,  (the  last  being  that  by  Sir 
Charles  Scudamore,  in  1816,)  another  investigation  of  the  che- 
mical composition  of  the  celebrated  Chalybeate  Spring  had  become 
very  desirable,  the  results  being  arranged  in  such  a  manner  as  to 
enable  medical  men  to  institute  a  correct  comparison  between  this 
and  other  similar  waters. 

It  was  with  this  end  in  view,  that  the  following  analysis  was 
undertaken : — 

The  spring,  the  only  one  that  has  been  in  use  for  many  years, 
is  situated  at  the  east  end  of  the  Parade,  and  rises  through  an 
aperture  the  diameter  of  which  is  about  2|-  inches,  into  a  marble 
basin  having  an  extreme  width  of  2  feet  3  inches  and  a  depth 
of  6  inches ;  over  the  side  of  this  basin,  the  water  flows  into  a 
channel  connected  with  an  outer  basin  which  is  open  to  the  public, 
depositing  in  its  progress  a  reddish  brown  precipitate  of  sesqui- 
oxide  of  iron.     The  side  of  the  present  basin,  which  has  been  in 
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use  about  nine  years,  is  much  corroded  where  the  water  overflovrs, 
from  the  action  of  the  carbonic  acid  contained  in  the  water.  The 
temperature  of  the  water  as  it  issues  from  the  spring  is  invariably 
10°  C.  (50°  F.)  During  the  coldest  winter,  it  has  never  been 
known  to  freeze  in  the  basin.  Sir  Charles  Scudamore  says:  on 
the  8th  of  February,  1816,  when  the  atmosphere  was  at  — 44°  C. 
(24°  F.)  the  water  in  the  basin  was  still  at  10°  C.  (50°  F.)  In  the 
month  of  April,  when  I  found  some  neighbouring  springs  yielding 
common  water,  and  considered  to  be  deep  in  their  source,  as  low 
in  temperature  as  8°  to  8|°  C.  (46"  and  47°  F.)  this  spring  was 
still  at  10°  C. 

In  two  experiments  made  by  myself  on  the  23rd  of  February 
and  17th  of  May  of  last  year,  the  temperature  was  exactly  lO''  C. 
(50°  F.)  that  of  the  air  being  on  the  former  occasion  6*7°  C. 
(44°  F.)  and  on  the  latter  13-3°  C.  (56°  F.) 

The  flow  of  the  spring,  according  to  the  authority  previously 
quoted,  "  was  in  August,  1815,  in  a  minute,  1  quart  2  oz.  and 
5  drams.  In  the  beginning  of  November,  1  quart.  The  summer 
had  been  unusually  fine  and  dry.  In  October  the  season  was  wet. 
In  the  beginning  of  March,  1816,  the  supply  was  increased  to 
2  gallons  and  a  half  in  a  minute.  At  the  end  of  this  month,  the 
quantity  was  lessened  to  1  gallon  and  7  pints.  Much  rain  had 
fallen  in  the  preceding  months,  but  the  winter  had  passed  away 
with  very  little  snow.'' 

At  the  time  the  water  was  collected  for  the  present  analysis, 
viz.  the  17th  of  May  of  last  year,  the  mean  of  three  experiments 
made  by  myself  gave  15*13  litres  =  3*33  gallons,  as  the  flow  of 
the  spring  in  a  minute. 

A  second  series  of  experiments  made  on  the  I4th  of  Apiil,  of 
the  present  year,  gave  14'21  litres  =  3-] 3  gallons  as  the  flow  per 
minute. 

The  water,  as  it  issues  from  the  spring,  is  beautifully  clear  and 
transparent,  and  small  bubbles  of  gas  intermixed  -with  occasional 
larger  ones  are  continually  rising  to  the  surface.  In  taste  and 
smell  it  is  decidedly  chalybeate,  but  not  at  all  disagreeably  so.  Its 
specific  gravity,  compared  with  distilled  water  at  15"5°  C  =  60°  F. 
is  1 '00037.  Blue  litmus  paper  is  slightly  reddened  by  it,  but  on 
drying  returns  to  its  original  colour ;  reddened  litmus  paper 
remains  unchanged ;  tincture  of  violets  when  added  to  it  instantly 
produces  a  greenish  tint,  whicli  after  the  lapse  of  a  few  minutes 
becomes  of  a  magnificent  emerald  green.     I  may  here  observe 
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that  I  have  found  this  tincture  the  most  delicate  test  for  alka- 
linity, being  more  delicate  than  tlie  most  sensitive  test-papers  I 
have  hitherto  been  able  to  procure. 

By  qualitative  analysis  it  Avas  found  to  contain  protoxide  of 
iron,  protoxide  of  manganese,  lime,  magnesia,  potassa,  soda,  sul- 
phuric, hydrochloric,  silicic  and  carbonic  acids,  together  with  a 
minute  trace  of  organic  matter. 

Manganese  was  shov/n  to  be  present,  by  fusing  the  iron  preci- 
pitate sup[)osed  to  contain  it,  with  carbonate  of  soda  and  nitrate 
of  potassa  on  platinum  foil,  when  the  well-known  green  colour  of 
manganate  of  soda  was  produced.  Also  by  treating  a  portion  of 
the  same  precipitate  with  nitric  acid  and  adding  a  small  quantity 
of  binoxide  of  lead,  when,  as  soon  as  the  precipitate  had  subsided, 
the  beautiful  colour  produced  by  permanganic  acid  was  distinctly 
visible ;  but  although  both  these  tests  gave  very  decisive  results, 
the  amount  of  manganese  present  was  not  sufficient  for  quantitative 
determination. 

Bromine,  iodine,  and  fluorine j  nitric  and  phosphoric  acids; 
arsenic,  antimony  and  tin;  alumina,  strontia,  lithia  and  ammonia, 
were  tested  for,  but  without  success. 

The  methods  made  use  of  in  testing  for  these  substances,  were 
the  same  as  those  employed  by  Dr.  Hofmann,  in  his  investiga- 
tion of  the  chemical  composition  of  the  waters  of  Harrogate.* 

By  quantitative  analysis,  the  following  numbers  were  obtained : 


lina 

tion  of  iron  — 

1. 

2. 

Water  employed. 

2124-98  grms. 
2124-98     „ 

Sesquioxide  of 
iron  obtained. 

0-085 
0079 

Sesquioxide  of  iron 
in  1000  parts. 
0-0400 
0-0371 

Mean     003855 


Determination  of  lime  — 

Water  employed. 

1.  2000      grms. 

2.  2124-98     „ 


Carbonate  of  lime.     Lime  in  1000  parts. 
0-0566  0-0158 

0-0615  0-0161 


Mean     0-01595 
*  Quarterly  Journal  of  the  Chemical  Society,  vol.  vii,  p.  161. 
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Determination  of  magnesia  — 

Water  employed.         iNTophosphate  of  Magnesia  in 

maguesia  obtained.  1000  parts. 

1.  2000  p-ms.                0-04-65  O'OOSS 

2.  1000     „                     00195  0-0069 


Mean     0-0076 


Determination  of  the  alkalies  — 


Water  employed.  Mixed  chlorides  Chlorides  in  1000 

obtained.  parts. 

1.  2000  grms.  01  IS  0-059 

2.  2000     „  0-115  0057 


Mean     0058 


Determination  of  potassa  — 

Water  employed.     Chloride  of  potassium  Pota-s-sa  in  1000 
and  platinum  obtained.  parts. 

1.  2000  grms.  0-087  0-00837 

2.  2000     „  0-078  0-00750 


Mean       -00793 


Determination  of  snlphnric  acid  — 


Water  employed.           Sulphate  of  baryta  Sulphuric  acid 

obtained.  in  1000  parts, 

1.  1000  grms.                00515  0-0176 

2.  2000     „                    0-1035  0-0177 


Mean     001765 


Determination  of  chlorine — 


Water  employed.         Silver  salt  obtained.  Chlorine  in  1000  parts. 

1.  2000  grms.  0-238  0-0294 

2.  1000     „  0  117  0-0289 


Mean     002915 
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Deterrnination  of  silica — 


1. 

2. 

Water  employed.             Silica  obtaiiied.        Silica  in  1000  parts. 
1000  ^rms.                0-007                 0*007 
1000     „                     0-008                 0-008 

lina 

1. 
2. 

Mean     00075 

tion  of  fixed  residue — 

Water  employed.          Residue  obtained.     Residue  in  1000  parts. 
1000  grms.                0-17239             0-17239  ' 
1000     „                     0-17089             0-17089 

Mean     017164 


Determination  of  carbonic  acid- 


To  find  the  quantity  of  free  carbonic  acid  contained  in  the 
water^  a  pipette  of  exactly  known  capacity  was  immersed  in  the 
spring,  and  the  water  thus  obtained  discharged  into  bottles  con- 
taining a  mixture  of  ammonia  and  chloride  of  calcium.  The  pre- 
cipitate which  formed,  was  collected,  thoroughly  washed,  and  the 
amount  of  carbonic  acid  contained  in  it  estimated  in  the  usual 
manner. 

The  same  amount  of  water,  viz.,  2124-98  grms.  was  taken  for 
each  experiment. 


Water  employed. 

Carbonic  acid 

Carbonic  acid 

obtained. 

in  1000  parts. 

]. 

21  >4-98  grms. 

0-345 

0-16235 

2. 

2124-98     „ 

0-355 

0-16706 

Mean     0-16470 


Total    amount    carbonic     acid    in 

1000  parts 

Carbonic  acid  existing  in  combination 

AVith  protoxide  of  iron      ....     0-02120 

With  lime 0-00282 

With  magnesia 0-00836 

Withpotassa 0-00272 

Sum  total 

Free  carbonic  acid  remaining    .     . 


0-16470 


0-03510 

0-12960 
Q  2 
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From  the  preceding  details  it  follows,  that  the  chalybeate  spring 
of  Tunbridge  Wells  contains  the  following  constituents  in  1000 
parts ; — 

Sulphate  of  lime 003000 

Carbonate  of  lime 0-0064.2 

Carbonate  of  magnesia 0"01596 

Chloride  of  potassium 0*00335 

Carbonate  of  potassa 0'00854 

Chloride  of  sodium 0*04540 

Carbonate  of  iron 0*05589 

Carbonate  of  manganese      ....  trace 

Sihca 0*00750 

Organic  matter trace 


Total 0-17306 

Total  residue  (by  experiment)       .     .     0*17164 

Hence  the  weight  of  saline  constituents  contained  respectively 
in  100  litres  and  a  gallon  of  the  water  are  as  follows : 


In  100  litres. 

In  an  imp. 

gal. 

Sulphate  of  lime      .     .,     . 

3*0000 

grms. 

2-1000  grains. 

Carbonate  of  lime    .     .     . 

0*6420 

)} 

0-4494 

Carbonate  of  magnesia 

1*5960 

jj 

1*1172 

Chloride  of  potassium 

0-3350 

>} 

0*2345 

Carbonate  of  potassa    . 

0*8540 

}} 

05978 

Chloride  of  sodium       .     . 

4*5400 

)) 

3-1780 

Carbonate  of  iron    . 

5*5890 

j> 

3*9123 

Carbi>nate  of  manganese  . 

trace 

jj 

trace 

Silica 

0-7500 

}) 

0*5250 

Organic  matter  .     .     .     . 

trace 

)} 

trace 

17-3060  12-1142 

Cubiccentim.  Cubicin.  in 
in  a  litre,     an  imp. gal. 
Amount  of  free  carbonic  acid 
at    mean    temperature    and 
pressure 69-35       19*19 

In  order  to  ascertain  whether  the  amount  of  carbonic  acid  and 
iron   contained    ])y  this    water    was    subject  to  any  considerable 
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variation,  these  were  again  determined  in  measured  quantities  of 
the  water  collected  on  the  14th  of  April  of  the  present  year.  The 
results  are  given  below. 

Water  employed.      Sesquioxide  of  iron  Sesquioxideofiron 

obtained.  in  1000  parts. 

1.  2124-98                 0-077  0-03623 

2.  2124-98                 0-075  0-03529 


Mean     0-03576 

Water  employed. 

Carbonic  acid          Carbonic  acid  i; 
obtained.                 1000  parts. 

1. 

2124-98 

0-345         •        0-16235 

2. 

2121-98 

0-362                 0-17035 

Mean     0-16635 

These  numbers  are  equivalent  to  5-184  grms.  in  100  litres  or 
3-6288  grains  in  the  gallon  of  carbonate  of  protoxide  of  iron;  and 
assuming  the  same  amount  of  carbonic  acid  to  exist  in  the  combined 
state  as  in  the  preceding  analyses,  70-23  cubic  centimetres  in  a 
litre,  or  19*44  cubic  inches  of  this  gas  in  a  gallon  of  the  water. 

The  chief  characteristic  of  this  water  seems  to  be  its  extreme 
purity,  its  principal  constituent  being  iron  held  in  solution  by  the 
agency  of  free  carbonic  acid. 


XXIIT. — Remai^ks  on  the  Action  of  Heat  on   Gold,  and  its  alloy 

with    Copper. 

By    James    Napier,    Esq., 

ASSAYER   TO   THE   MEXICAN   MINT.* 

1st.  Action  of  heat  on  pure  Gold. — It  appears  to  be  a  generally 
formed  opinion,  that  pure  gold,  when  exposed  to  a  heat  only  suffi- 
cient to  bring  it  to  perfect  fusion,  does  not  lose  in  weight,  and  that 
to  volatilize  it,  the  heat  of  a  powerful  lens  or  that  of  the  oxygen 

•  Communicated  by  R.  D.  Thomson,  M.  D. 
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blowpipe  must  be  employed.  The  experiments  of  Kuiikel  and 
Gasto  Caveus  would  appear  to  prove  that  such  would  be  the 
case;  both  of  these  gentlemen  state  that,  after  keeping  gold 
exposed  to  the  highest  heat  of  a  glass  furnace,  the  former  for  two 
months,  and  the  latter  for  30  weeks,  there  was  no  sensible 
alteration  or  diminution  of  weight.  Mr.  John  A.  Phillips,  in 
his  work  on  Metallurgy,  states  that  "  Gold  fuses  at  a  temperature 
estimated  by  Daniel  1  at  2016° F.,  and  when  still  more  strongly 
heated,  affords  sensible  metallic  vapours  ;'^  but  his  authority  is 
not  given. 

The  experiments  which  I  am  about  to  record  agree  with  the 
latter  statement.  I  might  mention  that  the  gold  employed  for 
these  experiments  wa§  that  obtained  by  taking  a  portion  of  gold, 
mixing  it  with  three  times  its  weight  of  pure  silver,  cupelling  witli 
lead,  and  finally  parting  the  silver  by  nitric  acid.  The  gold  thus 
prepared  was  melted  in  the  following  proportions,  and  the 
following:  results  obtained  : — 


No. 

Weight  of 

Gold  used. 

Grains. 

Time  kept 

in 
fire.  Hours. 

Loss  in 
weight. 

Eemarks. 

1 

2 
3 

4 

20 

50 

100 

100 

3 

7 
6 
8 

0-03 
0-12 
Oil 
0-12 

No.  1.  was  weighed  at 
the  expiration  of  each 
hour,  and  lost  exactly 
O'Ol  gr.  per  hour. 

These  experiments  do  not  show  an  exact  uniformity  of  loss,  but 
they  prove  that  gold,  even  when  pure,  can  be  volatilized  by  the 
heat  of  a  common  furnace ;  the  inequality  of  the  results  is  easily 
accounted  for  by  the  inequality  of  the  heat  of  the  fire. 

In  the  fourth  of  the  above  experiments,  a  most  interesting  result 
was  obtained,  and  one  which  points  out  beyond  doubt  that  gold  is 
volatile  when  in  fusion.  The  gold  in  this  experiment  was  melted 
on  a  small  fire-clay  vessel,  a  cupel  of  bone-ash  being  inverted  over 
it,  and  kept  so  during  the  whole  time  of  fusion.  On  removing 
the  whole  from  the  fire,  it  was  observed  that  the  inverted  cupel 
was  tinged  with  a  purple  colour,  and  not  only  on  the  surface  but 
to  a  little  depth.  The  surface  of  this  cupel  was  carefully  examined 
with  a  strong  icus,  to  see  if  there  were  any  small  shots  of  gold 
upon  it ;  finding  no  shots,  the  purple  colour  was  scraped  ofi"  and 
assayed,  by  which  means  a   small   button   of  gold  was   obtained. 
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weighing  006  of  a  grain.  This  of  course  was  only  the  one-half 
of  what  the  button  had  lost  altogether,  as  the  junction  between 
the  small  melting  pot  and  the  inverted  cupel  was  not  perfect  and 
consequently  some  of  the  metallic  vapour  escaped ;  some  of  it  was 
also  deposited  on  the  sides  of  the  earthen  crucible.  In  what  state 
this  gold  passes  off  has  not  yet  been  determined  ;  it  must  either  be 
as  an  oxide  (which  is  purple)  or,  if  metallic,  in  the  most  minute 
jiarticles,  as  not  the  slightest  indication  of  metallic  shot  could  be 
traced  by  means  of  a  lens. 

These  experiments  were  many  tim^es  repeated  with  nearly  the 
same  result  each  time. 

2nd.  On  the  action  of  heat  on  the  alloy  of  Gold  and  Copper. — 
It  is  well  known  that  the  affinity  between  gold  and  copper  is  very 
great,  and  we  find  that  when  these  two  metals  are  melted  together, 
and  kept  so  for  a  short  time,  a  quantity  of  the  alloy  passes 
off  in  the  state  of  vapour.  In  coining  gold  coin,  there  is  on  a 
large  coinage  a  considerable  loss  from  this  cause.  I  do  not  mean 
a  large  percentage;  but  where  a  large  amount  of  the  alloy  is 
melted,  the  loss  is  considerable.  The  following  experiments  were 
made  on  a  large  scale,  and  they  prove  beyond  all  doubt  the 
volatility  of  this  alloy. 

In  pouring  the  alloy  of  gold  and  copper  from  the  large  black- 
lead  crucibles  (containing  from  25  to  30  pounds)  in  which  it  was 
melted,  there  was  observed  a  vapour  rising  from  the  mass,  and  as 
nothing  more  than  the  gold  and  copper  which  had  the  following 
composition  — 

Copper 98-231 

lion 0-062 

Silver        0-140 

Lead 0-006 

Sulphur 0-033 

Sand          O-IOO 

Oxygen  and  loss     ....  1'428 

100-000 

was  present,  it  was  very  certain  that  the  alloy  itself  was  passing 
off;   to  prove  this  the  following  simple  method  was  adopted  : 

A  common  glass  jar  —  used  for  collecting  gases  in  the  labo- 
ratory—  was  obtained,  made  wet  inside  with  distilled  water,  and 
held  about  four  inches  over  the  crucible,  as  the  alloy  was  in  the 
act  of  being  poured  into  the  moulds ;  this  occupied  about  one 
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minute  of  time.  On  removing  the  glass,  it  was  entirely  coated 
inside  with  small  metallic  globules,  which  were  washed  out  with 
distilled  water,  dried,  and  examined  Avith  a  lens ;  but  by  tliis 
means  I  could  not  tell  whether  the  metal  was  oxide  of  copper  or 
gold.  The  whole  was  then  weighed  and  gave  4*80  grains,  which 
was  cupelled  Avith  lead  on  an  ordinary  bone-ash  cupel,  and  there 
remained,  after  cupellation,  a  button  of  pure  gold  weighing  4*50 
grains.  To  be  perfectly  convinced  that  there  was  no  error  in  this 
experiment  and  the  result  obtained,  the  same  routine  was  gone 
through  a  few  days  after,  when  the  same  result  was  obtained;  the 
contents  of  the  jar  this  time  were  440  grains,  which,  when 
cupelled  as  before,  gave  a  button  of  gold  weighing  4-10  grains. 

These  results  require  no  comment,  as  they  speak  for  themselves ; 
suffice  it  to  say,  that  the  greater  the  heat  employed,  the  greater 
will  be  the  loss ;  it  is  therefore  important  that  the  heat  at  which 
this  alloy  is  melted  be  carefully  regulated. 

Another  question  now  occurred  to  me,  viz.,  how  much  pure 
gold  is  really  lost  when  kept  in  fusion  with  diflFerent  proportions 
of  copper  for  a  length  of  time  ?  The  experiments  on  this  subject 
were  made  on  a  small  scale  in  the  laboratory. 

The  gold  and  copper  were  melted  in  small  fire-clay  pots  in  a 
common  assay  muffle,  after  remaining  in  fusion  for  the  time  men- 
tioned in  the  following  table.  The  pots  were  removed  from  the 
muffle  and  the  buttons  of  alloy  taken  from  the  pots  ;  the  total 
loss  was  very  great,  from  the  volatilization  of  much  of  the  copper ; 
and  as  the  surface  of  the  alloy  v  as  not  covered  with  carbonaceous 
matter,  the  copper  oxidized  rapidly ;  however,  to  obtain  the  real 
loss  of  pure  gold  was  the  object  aimed  at :  to  get  this  result,  each 
button  of  alloy  was  mixed  with  2^  times  its  weight  of  silver  (free 
from  gold)  cupelled  with  lead,  and  the  silver  then  removed,  by- 
pure  nitric  acid  in  the  usual  manner  of  assaying  these  alloys,  when 
a  cornet  of  pure  gold  was  obtained  and  the  loss  thus  determined. 
The  table  gives  the  results  obtained  in  this  way. 


No. 

Weight  of 
Gold 

Weight  of 
Gopper 

Time  in 
fusion. 

Loss  of 
Gold  in 

Remarks. 

in  grams. 

in  grains. 

Hours. 

grams. 

1 

100 

12 

6 

0-234 

Heat  only  sufficient  to 
melt  the  alloy. 

2 
3 

100 
100 

10 
20 

4 
4 

0-210 
0-450 

)  Heat  a  little  greater 
r      than  No.  1. 

4 

100 

10 

G 

0-800 

As  strong  as  could  be 
obtained  in  the  muffle. 
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These  results  show  that  the  greater  the  amount  of  copper  and 
the  greater  the  heat,  the  more  gokl  is  there  lost,  and  that  guld, 
when  alloyed  with  copper,  is  more  volatile  than  when  alone,  owing 
doubtless  to  the  great  affinity  which  these  metals  have  for 
each  other. 

The  small  pots  in  which  these  different  alloys  were  melted,  were 
covered  with  inverted  bone-ash  cupels,  each  of  which  was  tinged 
of  a  dark  brown  colour,  mixed  with  purple.  On  scraping  this 
colour  from  each  of  these  cupels  and  reducing  tlie  metals,  there 
was  obtained  from  each  a  small  button  of  gold  weighing  — 

In  No.  1  0-103  of  a  grain. 

„      2  0-100 

„      3  0-261 

„      4  0-200 

These  results  do  not  show  uniformity,  as  much  of  the  vapour 
was  lost,  but  they  show  not  oidy  that  gold  can  be  volatilized,  but 
that  it  can  even  be  caught  and  produced  to  prove  its  volatility. 

I  may  mention  that  these  experiments  have  been  gone  over 
repeatedly,  and  similar  results  have  been  obtained  each  time. 

As  a  stronger  proof  of  the  great  affinity  existing  between  gold 
and  copper,  I  will  mention  the  two  following  experiments,  made 
to  ascertain  whether  an  alloy  of  silver  and  gold,  when  fused  and 
kept  in  that  state  for  some  time,  would  gain  or  lose  in  its  propor- 
tion of  gold. 

1st.  A  small  piece  of  silver,  containing  1116  grains  to  every 
mark,*  was  introduced  into  a  cupel,  fused,  and  kept  so  for  five 
hours,  when  it  was  removed  and  again  assayed :  it  then  contained 
1141  grains  of  gold  per  mark,  showing  an  increase  of  the  gold  to 
the  extent  of  25  grains  per  mark  j  thus  showing  that  the  silver 
Avhich  passed  off,  did  not  cairy  with  it  the  same  projjortion  of  gold 
it  originally  contained. 

2nd.  There  was  obtained  a  piece  of  silver  coin  (a  dollar),  which 
was  carefully  assayed  for  gold,  which  metal  it  contained  in  the 
proportion  of  two  grains  per  mark  of  coin ;  another  piece  of  the 
very  same  coin  was  now  fused  and  kept  so  for  three  hours,  when 
it  was  once  more  assayed  for  gold,  and  it  only  contained  an  amount 
equal  to  half  a  grain  to  the  mark  of  coin.    From  this  it  is  perfectly 

•  The  mark  is  equal  to  eight  ounces. 
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evident  that  it  was  the  copper  coutainecl  in  the  coin  passing  oft'  as 
oxide  that  took  with  it  the  gold,  as  we  find  that  where  no  copper 
was  present,  the  proportion  of  gohl  rose  by  fusion. 

Guauanuto  Mint,  Mexico, 
March  20th,  1857. 


XXIV. —  On  the  separation  of  Iodine,  Bromine,  an<l  Chl);ine,  and 
the  comparative  degree  of  affinity  of  these  e/enient.s  for  Silrer ; 
ivith  some  analyses  of  their  combinations  ivith  that  metal 
occurring  in    Chili. 

By    Frederick    Field,    F.  C.  S. 

Although  both  bromide  and  iodide  of  silver  are  decomposed  by 
the  action  of  chlorine  at  an  elevated  temperature,  yet  chloride  of 
silver  is  completely  decomposed  by  bromide  of  potassium,  and 
both  the  bromide  and  chloride  of  silver  by  iodide  of  potassium. 
Even  the  action  of  hot  strong  hydrochloric  acid  has  but  little 
influence  upon  the  iodide  of  silver,  many  days  of  continuous 
boiling  being  necessary  for  its  entire  decomposition.  I  believe  tliat 
it  has  been  the  opinion  of  chemists  that  chlorine  possesses  an 
affinity  for  silver  superior  to  all  other  elementary  bodies,  and  we  are 
told  in  Gmelin^s  Hand-book  (vi,  144)  that  all  salts  of  silver,  even 
the  insoluble  ones,  are  converted  into  chloride  by  solutions  of 
metallic  chlorides.  From  the  following  experiments  it  appears  to 
me  that  bromine  has  a  greater  affinity  for  silver  than  chlorine, 
and  iodine  a  still  greater  affinity  than  bromine. 

When  a  mixed  solution  of  bromide  of  potassium  and  chloride 
of  sodium  is  added  gradually  to  a  solution  of  nitrate  of  silver, 
not  in  excess,  no  trace  of  chloride  of  silver  is  precipitated,  as  long 
as  any  bromine  remains  in  solution. 

If,  for  example,  one  equivalent  of  nitrate  of  silver  is  dissolved 
in  water,  and  one  equivalent  of  bromide  of  potassium  and  one 
of  chloride  of  sodium  be  added,  the  latter  will  be  left  quite 
intact,  and  bromide  of  silver  and  nitrate  of  potassa  wiU  alone  be 
formed. 
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If,  to  a  similar  solution,  iodide  and  bromide  of  potassium  and 
chloride  of  sodium  be  added,  iodide  of  silver  and  nitrate  of  potassa 
are  formed,  the  bromide  of  potassium  and  chloride  of  sodium 
remaining  undecomposed. 

When  bromide  of  potassium  is  poured  upon  chloride  of  silver, 
an  entire  decomposition  ensues,  bromide  of  silver  and  chloride  of 
potassium  being  produced. 

"When  iodide  of  potassium  is  added  to  chloride  of  silver,  iodide 
of  silver  and  chloride  of  potassium  are  formed  —  and  when  iodide 
of  potassium  is  added  to  bromide  of  silver,  there  is  a  similar 
decomposition,  the  iodine  replacing  the  bromine. 

When  chloride  of  silver  in  excess  is  agiiated  in  a  solution  of 
iodide  of  potassium,  and  warmed  for  some  hours,  no  trace 
of  iodine  can  be  detected  in  the  solution  :  when,  however,  chloride 
of  sodium  is  poured  upon  iodide  of  silver,  no  decomposition 
occurs,  neither  is  there  any  action  upon  bromide  of  silver  with 
the  same  salt ;  and  when  bromide  of  potassium  is  added  to  iodide 
of  silver,  there  is  no  alteration  in  the  union  of  the  elements. 

In  the  following  experiments,  all  the  reagents  employed  were 
perfectly  pure.  The  iodide  and  bi'omide  of  potassium,  and  the 
chloride  of  sodium,  wei'e  heated  to  expel  mechanical  water,  until 
they  ceased  to  lose  in  weight. 

Ten  grains  of  chloride  of  sodium  were  dissolved  in  water,  and 
added  to  a  solution  of  nitrate  of  silver,  the  latter  being  sliohtlv 
in  excess.  The  precipitated  chloride  was  washed  upon  a  filter, 
until  no  trace  of  the  excess  of  silver  could  be  detected  by  the 
addition  of  chloride  of  sodium  to  the  filtrate.  The  chloride  of 
silver  was  then  washed  into  a  beaker  containing  from  15  to  20 
grains  of  bromide  of  potassium  dissolved  in  two  ounces  of  water. 
An  immediate  change  of  colour  took  place,  the  white  chloride 
changing  to  the  yellow  of  the  bromide. 

After  digestion  for  about  eight  hours,  the  precipitate  was  filtered 
off,  washed,  dried,  heated  to  incipient  fusion  and  m  eighed. 

Weight  of  Precipitate.  Calculated  weight  of  Bromide. 

32-04  3209 

32'04<  grs.   of  bromide   of  silver  contain  18*41  of  silver;  the  sub- 
stance in  question  gave  18'38  of  silver. 

10  grains  of  chloride  of  sodium  were  added  to  nitrate  of  silver, 
and  the  precipitate  heated  exactly  as  the  former,  iodide  of  potas- 
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siuni  being  substituted  for  the  bromide.     After  10  hours'  digestion 
the  precipitate  was  weighed 

Weight  of  Precipitate.  Calculated  weight  of  Iodide  of  Silver. 

40-17  40-13 

40-17  Ag  I  =  18  46  Ag.       Experiment  furnislicd  18-44  Ag. 

10  grains  of  bromide  of  potassium  were  added  to  a  sohition  of 
nitrate  of  silver,  the  precipitate  heated,  as  before,  and  washed 
into  a  sokition  of  iodide  of  potassium. 

Weight  of  Precipitate.  Calculated  weight  of  Iodide;  of  Silver. 

19-71  19-73 

19-71  Ag  I  =  9-03  Ag.     Experiment  furnished  9-05  Ag. 

10  grains  of  bromide  of  potassium  were  converted  into  the 
bromide  of  silver,  and  this  digested  with  a  solution  of  chloride 
of  sodium  for  8  hours.  It  was  then  filtered,  washed,  dried,  and 
weighed. 

Weight  of  Precipitate.  Weight  of  Bromide  of  Silver  used. 

15-77  15-78 

showing  that  the   bromide   of  silver  was  perfectly  undecomposed. 
Ko  trace  of  bromine  could  be  detected  in  the  filtrate. 

10  grains  of  iodide  of  potassium  were  converted  into  the  iodide 
of  silver,  and  heated  in  the  same  manner,  with  chloride  of  sodium. 

Weight  of  Precipitate.  Weight  of  Iodide  of  Silver  employed. 

14-13  14-14 

No  trace  of  iodine  was  found  in  the  solution. 

All  the  above  filtrates  were  severally  tested  for  silver  by  passing 
a  stream  of  hydrosulphuric  acid  through  them  for  a  consi- 
derable time.  In  one  instance,  the  iodide  of  potassium  added  in 
rather  great  excess  after  filtration  from  the  precipitated  iodide  of 
silver,  exhibited  a  very  faint  brown  tinge.  The  other  remained 
unaffected. 

From  the  foregoing  results  I  deemed  it  possible  that  the  sepa- 
ration of  chlorine,  iodine,  and  bromine,  could  be  performed  with 
great  ease.    The  follo\>ing  experiments  confirm  this  idea,  although 
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the  slight  solubility  of  the  precipitates  in  excess  of  the  precipitants, 
when  the  latter  are  warm  and  concentrated,  render  great  care 
necessary  ;  considerable  caution  must  also  be  employed  by  the 
manipulator  with  regard  to  the  quantities  he  uses. 

1st  E.vpcriment .  5  grains  each  of  the  iodide  and  bromide  of 
potassium  and  chloride  of  sodium  vrere  dissolved  in  water,  and 
precipitated  by  excess  of  nitrate  of  silver.  The  precipitate,  after 
washing  and  heating  until  it  began  to  fuse  round  the  edges, 
weighed  27"19  grains  (the  theoretical  number  being  27*21) :  the 
same  quantities  of  the  three  bodies  were  dissolved  in  another 
portion  of  water,  precipitated  as  before  with  nitrate  of  silver,  and 
the  washed  precipitate  digested  with  a  solution  of  bromide  of 
potassium  in  the  cold  for  about  10  hours.  On  washing  and 
weigliing  the  precipitate  finally  obtained,  it  was  found  to  weigh 
30*87  grains.  As  the  difference  between  the  equivalents  of  bro- 
mide of  silver  and  chloride  of  silver  (44:*5)  is  to  the  equivalent  of 
chloride  of  silver  (143*6),  so  is  the  difference  in  weight  after 
digesting  in  bromide  of  potassium,  to  the  quantity  of  chloride  of 
silver  originally  present.  Thus,  in  the  experiments  referred  to, 
3*68  grains  being  the  difference  in  weight  of  the  precipitate 
after  digestion, 

44.*.5  :  143*6  ::  3*68  :  11*86— Chloride  of  silver  found. 

The  quantity  of  chloride  of  silver  calculated  from  the  5  grains 
of  chloride  of  sodium  is  12"25  grains. 

In  the  second  experiment,  the  liquid  was  kept  gently  warmed 
during  the  operation,  r.nd  the  precipitate,  after  treatment,  weighed 
30*95  grains,  which,  by  the  rule  above  referred  to,  equals  12*13 
grains  of  chloride  of  silver. 

2nd  Experiment.  5  grains  of  iodide  and  bromide  of  potassium 
and  5  grains  of  chloride  of  sodium  w'ere  precipitated  in  the  same 
manner,  with  nitrate  of  silver,  and  the  precipitate  was  digested 
for  12  hours  in  a  solution  of  iodide  of  potassium.  The  precipitate, 
after  washing  and  incipient  fusion,  gave  86*83  grs. 

As  the  difference  of  the  equivalents  of  bromide  and  iodide  of 
silver  (47"1)  is  to  the  equivalent  of  bromide  of  silver  (188*1),  so 
is  the  excess  in  weight  of  the  precipitate  after  digestion  in  iodide 
of  potassium,  to  the  weight  of  bromide  of  silver  originally 
present. 

In   this  experiment,  therefore,  the  difference  in  weight   of  the 
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precipitate  after  digestion  being  6'02  grs.  tlic  calculation  is 
as  follows : 

47-1  :  1881   ::  6-02  :  24^01 

30-87  -  24-04  =  6-83. Ag  I. 

Iodide  of  silver  obtained  from  precipitation  of  the  nitrate  by 
5  grains  of  iodide  of  potassium  =  7'07. 

By  reversing  the  figures  in  the  previous  calculation  of  the 
chlorine  and  bromine,  we  can  arrive  at  tlie  quantity  of  iiromide 
of  silver,  after  deducting  the  quantity  of  iodide  of  silver  found  in 
the  subsequent  experiments. 

The  following  is  a  table  showing  the  results  by  calculation 
and  analysis. 

Experiment.  Theory. 

5  grs.  KI       =     6-83  Ag  I.  5  grs.  KI      =  7-06  Ag  I. 

„      KBr    =     8-28  AgBr.  „     KBr  =   7-87  AgBr. 

„     NaCl  =  11-86  AgCl.  „     NaCl  =  12-25  AgCl. 

We  have  therefore  the  following  quantities  of  iodine,  bromine, 
and  chlorine  by  experiment  and  calculation,  as  deduced  from  the 
silver  salts. 

Experiment.  '         Theory. 
Iodine      3-69  381 

Bromine  3-51  3-34 

Chlorine  2*92  3-02 

and  the  quantities  of  iodide,  bromide,  and  chloride  calculated  from 
the  silver-salts,  are  as  follows  : 

Experiment.  Theory. 

4-85  KI  5  grs.  KI. 

5-23  KBr  5  grs.  KBr. 

4-84  NaCl  5  grs.  NaCl. 


14-92  15-00 

Although  by  the  description,  the  above  method  may  appear  long 
and  tedious,  the  actual  experiment  is  not  so.  After  weighing 
three  equal  portions  of  the  salts  to  be  analysed,  they  are  placed 
in  three  flasks  with  ground  glass  stoppers  and  about  an  ounce  of 
water  is  added  to  each;  nitrate  of  silver  being  then  added,  slightly 
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ill  excess  to  the  three,  the  stoppers  are  replaced,  and  each  flask 
agitated  violently.  Tlie  precipitates  subside  in  a  few  minutes, 
leaving  the  supernatant  fluid  perfectly  clear.  They  are  then  filtered 
through  separate  funnels  and  washed  with  hot  water.  No.  1  is 
dried  and  weighed.  No.  2  is  digested  in  bromide  of  potassium, 
dried  and  weighed,  and  No.  3  in  iodide  of  potassium,  dried  and 
weighed. 

Although  the  results  above  stated  are  not  very  far  from  the 
truth,  more  experiments  are  necessary,  before  this  method  can  be 
admitted  into  quantitative  analysis.  The  great  fear,  as  already 
stated,  is,  that  the  solutions  of  the  liquids  in  which  the  silver 
compounds  are  digested  should  be  made  too  concentrated,  in  which 
case  the  latter  are  dissolved  to  some  slight  extent,  even  in  the 
cold.  By  preliminary  experiments  on  the  part  of  the  analyst,  and 
a  knowledge  of  the  quantities  of  the  substance  taken,  great  excess 
may  of  course  be  avoided. 

By  this  method,  some  analyses  were  made  of  the  iodide,  bromide, 
bromo-chloride,  and  chloride  of  silver  found  native  in  the  district 
of  Chanarcillo,  in  the  province  of  Atacama,  South  America. 

The  specimens  analysed  were  collected  by  myself  from  the 
mines.  M.  Domeyko  has  analysed  many  of  the  compounds  in 
question,  and  his  results  form  an  interesting  paper  in  the 
'•  Annales  des  Mines.^'  Colonel  Yorke  has  als©  examined  a  specimen 
of  chloro- bromide  brought  to  England  by  Admiral  Seymour,  an 
account  of  which  was  published  in  the  Quarterly  Journal  of  the 
Chemical  Society. 

Pure  chloride  of  silver,  when  freshly  taken  from  the  mine,  is 
perfectly  colourless,  and  can  be  cut  with  a  knife  into  shces  resem- 
bling horn,  which  are  quite  transparent.  On  exposure  to  the  sun, 
it  soon  assumes  a  dark  purple  tint.  This  mineral  is  rarer  than  is 
generally  imagined.  The  large  quantities  extracted  from  the 
mines,  and  which,  after  crushing,  are  submitted  to  direct  amal- 
gamation, consist  principally  of  chloro-bromides.  A  specimen 
of  clilorides  from  the  "  Republicana  Mine,"  yielded  by  analysis — 

Silver  .     .     .      .     75-27 
Chlorine    .     .     .     24-73 


100-00  or  AgCl. 

Chloro-hromide  of  Silver,  No.  1.     This  mineral  has  a  pale  green 
cok)ur,  and  is  little   acted  upon  by  light.     The  specimen  analysed 
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occurred  as  a  sectile  mass,  associated  with  a  red  ferruginous  ore 
and   carbonate  of  lime  from  the  "  Colorade  Mine/'  Clianarcillo. 


Experiment. 

Theory. 

Silver         68-22 

68-231 

Bromine     16-84 

16-831 

Chlorine    14'92 

14-938 

99-98  100000 

Chloro-bromide  of  Silver,  No.  2.  This  mineral  possesses  a  darker 
colour  than  the  former  variety,  and  is  the  most  abundant  of  all 
the  species.  It  is  the  principal  source  of  the  silver  from  the 
district  of  Chaiiarcillo,  many  tons  being  annually  extracted  from 
the  mines ;  it  seldom  occurs  crystallised,  and  is  generally  foimd 
in  masses  or  small  veins  traversing  ferruginous  ore,  with  carbonate 
of  lime.     An  analysis  yielded  — 


Experiment. 
Silver         66-94 
Bromine     19-82 
Chlorine    13-18 

Theory. 
66-972 
19-830 
13198 

99-94 

Chloride  of  silver     53-38 
Bromi'l(;  of  silver    46-6.2 

100000 

100-000  or  3  AgC1.2AgBr. 

Chloro-bromide  of  Silver,  No,  3.  This  is  a  very  dark  green 
mineral,  having  sometimes  a  rich  purple  tint,  not  so  abundant  as 
the  former.  I  have  found  it  in  a  copper  mine  in  minute  crystals 
upon  silicate  of  copper. 


Experiment. 
Silver         6107 
Bromine    33-82 
Chlorine      5-00 

Theory. 

61-08 

33-90 

5-02 

99-89  100-00 


Chloride  of  silver     20-28 
Bromide  of  silver     79- 72 


100  00  or  AgC1.3AgBr 
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Bromide  of  Silver.  This  very  rare  mineral,  lately  described 
under  the  name  of  Bromylitej  in  Dana's  Mineralogy,  has  only 
been  found,  I  believe,  in  one  mine  in  Chili.  The  former  minerals, 
described  as  bromide  of  silver  in  earlier  editions,  are  very  distinct 
from  the  pure  variety,  possessing,  it  is  said,  a  green  colour.  Their 
composition  is  probably  3AgBr  +  AgCl.  The  specimen  I  obtained 
consists  of  splendid  octohedra  of  considerable  size,  imbedded 
singly  in  a  mass  of  pure  carbonate  of  lime,  through  which  a  vein 
of  pure  silver  is  running — and  has  a  very  beautiful  appearance. 
The  crystals,  as  to  colour  and  lustre,  exactly  resemble  amber,  and, 
after  being  cut  and  polished,  are  much  harder  than  the  bromo- 
chlorides  or  chloride,  and  appear  to  be  little  affected  by  light.  An 
analysis  of  one  of  the  crystals  yielded  — 

Silver  .     .     57-43 
Bromine   .     42'57 


10000  or  AgBr 

Iodide  of  Silver.  This  mineral,  although  it  has  been  found 
both  in  the  pro^^nce  of  Coquimbo  and  Copiapo  in  Chili,  as  well  as 
in  Mexico,  must  be  considered  rare.  It  has  the  same  appearance, 
as  to  colour,  &c.,  as  the  artificially  prepared  compound.  On 
heating  it  with  sulphuric  acid  and  peroxide  of  manganese,  the  violet 
vapours  of  iodine  are  immediately  perceptible.  A  specimen  from 
Delirio's  Mine,  Chanarcillo  afforded  — 

Silver  .     .     45-98 
Iodine .     .     5402 


10000  or  Agl. 

I  have  not  yet  analysed  any  other  variety.  The  iodides  and 
bromides  I  beheve  are  unknown.  To  sum  up  the  above  varieties, 
we  have  — 

Chloride   of    silver  AgCl 

Chloro-bromide  of  do.     2AgCl.AgBr 
Do.  of  do.     3AgC1.2AgBr 

Do.  of  do.       AgC1.3AgBr 

Bromide  of  do.  AgBr 

Iodide  of  do.  Agl 

To  refer  for  a  moment  to  a  former  portion  of  this  paper,  all  the 
native  chloro-bromides  and  chlorides  of  silver  are  capable  of 
decomposing  iodide  of  potassium. 

K 
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Although  it  is  impossible  to  conceive  a  denser  mineral  than  the 
chloride  of  silver,  yet  slices  of  it,  if  placed  in  a  solution  of  iodide 
of  potassium,  become  instantly  coated  with  iodide  of  silver,  and 
in  a  few  weeks  all  traces  of  iodine  have  disappeared  from  the 
liquid. 

The  mineral  veins  in  Chanarcillo  possess  an  intense  interest  to 
the  Geologist  and  Mineralogist.  Without  entering  for  an  instant 
into  the  discussion  of  the  formation  of  veins  in  the  earth,  I  may 
mention  that  shells,  untouched  by  the  action  of  fire,  with  colours 
nearly  fresh,  have  been  found  in  Chanarcillo,  from  the  half 
opened  orifice  of  which  metallic  silver  was  separating. 

By  a  careful  analysis  of  the  rock  (free  from  metal)  which 
forms  the  walls  of  the  lode,  I  hope  perhaps  to  detect  iodine, 
chlorine,  and  bromine.  As  it  seldom  or  never  rains  in  these 
districts,  soluble  salts  are  untouched,  even  on  the  surface  of 
the  earth. 

Crystallised  Chloride  of  Silver.  Lowig  has  shown  that  chloride 
of  silver  is  soluble  to  a  considerable  extent  in  nitrate  of  mercury, 
and  crystallises  as  the  solution  cools,  in  octohedra.  AVhen  solu- 
tions of  nitrate  of  silver  and  corrosive  sublimate  are  mixed 
together^  a  precipitate  of  chloride  of  silver  is  formed,  which,  on 
boiling  with  the  nitrate  of  mercury  produced  by  the  double 
decomposition,  is  partially  dissolved,  and  the  solution,  after  filtra- 
tion, deposits  chloride  of  silver  in  small  crystalline  grains.  These 
crystals,  after  washing  with  water  until  no  trace  of  mercury 
passes,  and  exposed  to  the  sun's  rays,  do  not  blacken  like  the 
ordinary  chloride.  They  furnished  on  analysis,  results  corre- 
sponding exactly  with  the  composition  of  pure  chloride  of  silver ; 
they  were  perfectly  soluble  in  ammonia.  A  considerable  quantity 
was  prepared  and  exposed  moist  to  the  direct  rays  of  the  sun  for 
a  month,  and  remained  unaltered  in  appearance.  I  propose  to 
call  this  interesting  body,  allotropic  chloride  of  silver. 

When  sub-chloride  of  mercury  (calomel)  is  boiled  with  nitrate 
of  silver,  chloride  of  silver  and  sub-nitrate  of  mercury  are 
obtained ;  the  former  salt  is  not  soluble  in  solutions  of  the 
latter. 

Hg^Cl  +  AgO.NO^  =  Hg^O.NOs  +  AgCl. 

I  have  observed  however  in  some  instances,  a  black  precipitate 
on  the  addition  of  nitrate  of  silver  to  calomel,  which  disappears  on 
boiling.     This  reaction  still  requires  elucidation. 
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Crystallised  Iodide  of  Silver.  This  beautiful  compound  may 
be  prepared  by  boiling  red  iodide  of  mercury  with  slight  excess  of 
nitrate  of  silver,  and  filtering ;  the  nitrate  of  mercury  formed  by 
decomposition  dissolves  the  iodide  of  silver,  which  separates  as 
the  solution  cools^  in  brilliant  crystalline  plates.  These  crystals, 
like  the  allotropic  chloride,  do  not  change  colour  by  exposure 
to  light; 

Hgl  +  AgO.NOg  =  HgO.NOg  +  Agl. 

If  great  excess  of  nitrate  of  silver  be  employed,  the  compound 
AgO.NOg  +  Agl,  discovered  by  Preuss,  is  formed,  wliich  crys- 
tallises in  white  needles.  This  can  be  avoided,  and  tlie  pure 
iodide  obtained  by  ha^dng  the  solution  dilute. 

I  endeavoured,  by  long-continued  boiling  of  nitrate  of  silver 
upon  sub-iodide  of  mercury,  to  form  a  sub-iodide  of  silver  (a  salt 
unknown  at  present)  imagining  that  perhaps  the  following  decom- 
position would  take  place  : — 

Hg^I  +  2(AgO.N05)  =  2(HgO.N05)  +  Ag^L 

After  36  hours'  ebullition,  a  pale  lemon-coloured  powder  waa 
formed,  which  jnielded  more  silver  than  the  ordinary  iodide,  and 
a  small  quantity  of  protonitrate  of  mercury  remained  in  solution. 
After  precipitation  with  hydrochloric  acid  and  addition  of  iodide 
of  potassium,  a  decided  red  precipitate  was  formed.  However, 
no  definite  compound  was  obtained ;  the  decomposition  appeared 
to  be  as  follows  : — 

Hg^I   f  AgO.NO^  =  Hg^O.NOs  +  Agl. 

and  therefore  analagous  to  that  of  the   sub-chloride  of  mercury 
with  nitrate  of  silver. 
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SECOND  MEMOIR. 

In  a  former  memoir  *  under  the  above  title,  after  describing  the 
preparation  and  properties  of  ethylotrithionic  acid,  together  with 

*  Journal  of  the  Chemical  Societv,  x.  p.  55. 

R    2 
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the  analysis  of  several  of  its  salts,  I  mentioned  that  a  preliminaiy 
experiment  had  been  made,  which  showed,  that  by  acting  upon 
zinc-methyl,  with  sulphurous  acid,  a  white  crystalline  body  was 
produced,  as  was  the  case  with  zinc-ethyl ;  and  at  the  same  time 
I  expressed  a  hope  that  this  body  on  analysis,  would  prove  to  be 
the  zinc  salt  of  the  first  acid  of  the  trithiouic  series,  viz.  the 
Methylotrithionic  acid ;  such,  however,  I  find,  is  not  the  case,  for 
the  body  on  investigation  proved  to  be  an  acid  of  a  different 
molecular  composition,  united  with  oxide  of  zinc. 

To  prepare  this  substance  in  large  quantities,  the  following  plan 
was  adopted.  A  quantity  of  zinc- methyl,  prepared  by  digesting 
iodide  of  methyl  with  zinc  for  several  hours,  at  a  temperature  of 
130°  C,  in  the  copper  digester,  and  according  to  the  plan  recom- 
mended by  Professor  Frankland*  for  the  production  of  zinc- 
ethyl,  was  subjected  in  a  flask  to  a  rapid  stream  of  sulphurous 
acid,  evolved  from  sulphuric  acid  and  copper  tui'nings,  the  gas 
being  perfectly  dried  before  admission  to  the  zinc-methyl,  by 
passing  through  a  Woulf's  bottle  of  concentrated  sidphuric  acid. 
On  connecting  the  sulphurous  acid  generator,  with  the  flask  con- 
taining the  zinc-methyl,  the  gas  was  very  rapidly  absorbed  ;  and 
unless  the  flask  was  kept  quite  cold,  the  contents  commenced 
boihng,  owing  to  the  heat  produced  by  the  energetic  action  which 
took  place  between  the  sulphurous  acid  and  zinc-methyl.  After 
the  lapse  of  a  short  time,  large  quantities  of  a  white  crystalline 
body  appeared  in  the  flask  containing  the  zinc-methyl. 

The  iodide  of  methyl  before  conversion  into  zinc  methyl,  was 
mixed  with  about  two  and-a-half  times  its  volume  of  ether,  so  that 
the  zinc-methyl  which  was  obtained,  was  in  a  moderately  dilute 
state,  which  enabled  the  sulphiu'ous  acid  more  thoroughly  to  act 
upon  it;  indeed  the  re-action  was  so  complete,  that  every  trace 
of  zinc-methyl  was  decomposed,  the  body  obtained  not  eff'ervescing 
with  water,  neither  could  any  excess  of  oxide  of  zinc  be  precipi- 
tated from  it,  by  carbonic  acid,  as  was  the  case  in  the  corresponding 
reaction  with  zinc-ethyl.  A  portion  of  the  compound  prepared  as 
above  described,  after  the  ether  had  been  distilled  ofl:,  was  exposed 
for  a  short  time  in  vacuo,  to  get  rid  of  the  last  traces  of  ether,  and 
also  of  any  sulphurous  acid  that  might  be  mechanically  retained 
in  its  pores,  when  it  presented  the  appearance  of  a  white  amorphous 
mass,  insoluble  in  alcohol  and  ether,  but  very  soluble  in  water ;  no 
well  defined  crystals,  however,  could  be  obtained  by  the  evapora- 
•   Transactions  of  the  Royal  Society  for  1855,  p.  259. 
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tion  of  ail  aqueous  solution  of  the  salt ;  and  as  carbonic  acid  did 
not  precipitate  any  oxide  of  zinc  from  it,  and  no  other  method  of 
purification  suggesting  itself  to  me,  I  determined  to  analyse  the 
body  in  its  crude  state.     It  yielded  the  following  results ; 

I.  3025  grs.,  burnt  with  oxide  of  copper,  a  tube  of  peroxide  of 
lead  being  interposed  between  the  chloride  of  calcium 
tube,  and  potash  bulbs,  gave  1*198  grs.  of  carbonic 
acid,  and  0*644  grs.  of  water. 
II.  10*443  grs.,similarly  treated,  gave  4*08  grs.  of  carbonic  acid, 
and  2*70  grs.  of  water. 

III.  3*195  grs.,  burnt  with    a  mixture  of  carbonate  of  magnesia 

and  chlorate  of  potash,  the  product  dissolved  in 
hydrocliloric  acid,  and  precipitated  with  chloride  of 
barium,  gave  6" 605  grs.  of  sulphate  of  baryta. 

IV.  4*325  grs.,  similarly  treated,  gave  9061  grs.  of  sulphate  of 

baryta. 
V.     7'162  grs.,  precipitated  boiling  by  carbonate  of  soda,  the  pre- 
cipitated basic  carbonate  of  zinc,  washed,  dried,  and 
ignited,  gave  2*594  grs.  of  oxide  of  zinc. 
VI.  10*045  grs.,  similarly  treated,  gave  3*618  grs.  of  oxide  of  zinc. 

These  results,  as  will  be  seen  from  the  following  calculation. 


agree  with  the  formula  ZnO,S2  -j  q 


3 
3 

Calculated.  Analyses. 

1.  2.  3.         4.        5  6.      Mean, 


C2  120  10-76  10-79  10-65        _        _        _           _  10*72 

H3  3-0  2-69           2-36  2  87        _        _        —  _  261 

Zn  32-5  29-15           —  _  —        _      29-05     28*89  28-97 

S,  32-0  28  70          —  —        28-36     28-74     —  —  28-65 

0'  320  28-70          —  _____  29-15 


111-5       100-00  100*00 

This  substance  is  therefore,  evidently,  the  zinc  salt  of  an  acid 
formed  by  the  substitution  of  one  equivalent  of  oxygen,  in  every 
two  equivalents  of  sulphurous  acid,  by  the  radical  methyl. 

The  name  for  this  acid,  in  accordance  with  the  nomenclature 
that  I  adopted  in  the  case  of  ethylotrithionic  acid,*  will  be 
Methylodithionic  acid. 

The  formation  of  methylodithionate  of  zinc,  from  the  action  of 

*  Journal  of  the  Chemical  Society,  x.  p.  55. 
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zinc-methyl  upon  sulphurous  acid,  is  very  simple,  and  will  be  easily 
understood  from  the  follo^ring  equation, 


C2H3Zn  +2SO2  =  ZnO,S2-[Q- 


CoH, 


>3 

Methylodithionate  of  zinc  is  colorless,  inodorous,  very  soluble 
in  water,  but  insoluble  both  in  alcohol  and  ether.  It  possesses  a 
disagreeable  and  somewhat  bitter  taste.  It  is  not  decomposed 
by  heating  to  100°  C,  but  at  a  few  degrees  higher  it  blackens, 
evolving  fumes  with  a  most  offensive  odour.  On  evaporating  an 
aqueous  solution  of  this  salt,  it  gradually  crystallises  out  as  the 
liquid  becomes  very  concentrated,  but  no  large  crystals  of  it  could 
be  obtained,  owing  to  its  great  solubility. 

METHYLODITHIONATE    OF    BARYTA. 

This  salt  is  most  easily  prepared,  by  adding  to  a  solution  of 
methylodithionate  of  zinc,  caustic  baryta  in  excess,  filtering  oflF 
from  the  precipitated  oxide  of  zinc,  and  passing  carbonic  acid 
through  the  filtrate  to  precipitate  the  excess  of  baryta  j  on  again 
filtering  and  evaporating  in  a  water-bath,  the  salt  is  obtained  in  a 
state  of  purity. 

Methylodithionate  of  baryta  thus  prepared,  is  a  colorless,  in- 
odorous, crystalline  body,  insoluble  both  in  alcohol  and  ether,  but 
very  soluble  in  water.  It  is  precipitated  from  a  concentrated 
aqueous  solution  by  alcohol,  as  a  white  granular  powder.  It  is 
perfectly  neutral  to  test  paper.  This  salt  by  the  spontaneous 
evaporation  of  a  concentrated  aqueous  solution  in  vacuo,  crystal- 
lises in  the  regular  system,  the  crystals  being  cubes  arranged  in  an 
octahedron.  Methylodithionate  of  baryta  does  not  decompose  even 
if  heated  to  170°  C ;  when  dried  at  100°  C  it  yielded  the  following 
analytical  results  : 

I.     7'45  grs.,  burnt  with  chromate  of  lead,  gave  2'16  grs.  of 

carbonic  acid,  and  1-50  grs.  of  water. 
II.   10*18   grs.,  burnt  Avith  a  mixture  of  chromate  of  lead,  and 

oxide  of  copper,  gave  2'89  grs.  of  carbonic  acid,  and 

2*015  grs.  of  water.* 

*  Analyses  II,  III,  YII,  YIII,  were  made  from  well  formed  crj-stals  of  this  salt, 
freed  from  the  vnother  liquor  by  pressure  between  blotting  paper,  and  dried  at  lOOoC. 
The  other  analj-ses  were  made  trom  the  salt,  obtained  by  evaporating  an  aqueous 
solution  to  dryness  in  a  water  bath. 
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III.  9'23  grs.,  similarly  treated,  and  a  stream  of  oxygen  passed 

over  at  the  end  of  the  combustion,  gave  2 "69  grs.  of 
carbonic  acid,  and  1"74  grs.  of  water. 

IV.  6*788  grs.,  dissolved  in  water,  and  the  baryta  precipitated 

with  dilute  sulphuric  acid,  gave  5 '325  grs.  of  sulphate 
of  baryta. 
V.     4*7  96  grs.,  similarly  treated,  gave  3"775  grs.  of  sulphate  of 
baryta. 
VI.     6"16    grs.,  gave  4"835  grs.  of  sulphate  of  baryta. 
VII.  l]-87    grs.,  gave  9*40  grs.  of  sulphate  of  baryta. 
VIII.     6*06  grs.,  burnt  with  a  mixture  of  carbonate  of  magnesia 
and  chlorate   of  potash,  the    product    dissolved  in 
hydrochloric  acid,  and  precipitated  with  chloride  of 
barium,  gave  9'65  grs.  of  sulphate  of  baryta. 
IX.     6'50grs.,  similarly  treated,  gave  10"225  grs.  of  sulphate  of 

baryta. 
X.     3"99  grs.,  gave  6*28  grs.  of  sulphate  of  baryta. 

These  numbers,  as  will  be  seen  by  the  following  calculation,  agree 
very  closely  with  the  above  formida. 


C2 
H3 

Ba 
S2 
04 


Calculated. 

Analyses. 

1. 

2. 

3. 

4.           5.        6. 

7. 

8. 

9.        40. 

Mean. 

12          813" 

791 

7-74 

7-94 

_          _        _ 

— 

— 

—        — 

7-86 

3           203 

3  23 

H219 

2-19 

_          _        _ 

— 

— 

—        — 

2-17 

68-6      46-48 

— 

— 

— 

4614    46  32  4618 

46-59 

— 

—        — 

4€-30 

32        21-68 

— 

— 

— 

_          _        _ 

— 

2185 

21-58    21-56 

21-66 

32        21-68 

— 

— 

— 

—          —        — 

— 

— 

—        — 

23-01 

147-6     100-00 

100-00 

METHYLODITHIOXATE  OF  MAGNESIA. 

MgO,S2  {o'^^^}   +  HO 

This  salt  can  either  be  prepared  by  the  double  decomposition  of 
the  baryta  salt  and  sidphate  of  magnesia,  or  by  precipitating  the 
zinc  from  methylodithionate  of  zinc,  by  caustic  magnesia.  The 
salt  which  was  analysed,  was  prepared  by  the  decomposition  of  the 
bar}i;a  salt;  it  is  a  colorless,  inodorous  body,  and  like  all  the  other 
salts  of  methylodithionic  acid,  it  is  insoluble  in  alcohol  and  ether, 
but  very  soluble  in  water.  On  evaporating  its  aqueous  solution, 
the  salt  is  obtained  as  a  mass  of  minute  crystals,  which  after  dessi- 
cation  at  100°  C  still  retain  one  equivalent  of  water.  They  yielded 
on  analysis  the  following  numbers ; 

I.  7*175  grs.,  bm'nt  with  oxide  of  copper,  gave  3'065  grs.  of  car- 
bonic acid,  and  2*585  grs.  of  Avater. 
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II.  5*53  grs.,  dissolved  in  water  and  precipitated  with  ammonia  and 
phosphate  of  soda,  the  precipitate  washed,  dried,  and  ignited, 
gave  3*105  grs.  of  pyrophosphate  of  magnesia. 

III.  4*88  grs.,  similarly  treated,  gave  2*73  grs.  of  pyrophosphate 

of  magnesia. 

IV.  4*29  grs.,  ignited  with  carbonate  of  magnesia,  and  chlorate  of 

potash,  the  product  dissolved  in  hydrochloric  acid,  and  pre- 
cipitated with  chloride  of  barium,  gave  9*84  grs.  of  sulphate 
of  baryta, 

agreeing,  as  will  be  seen  from  the  following  percentage  calculation, 

with  the  above  formula. 


Calculated. 

Analyses. 

^ 

1. 

2.                   3. 

4. 

C2         12 

11*64 

—                — 

— 

11-64 

H4          4 

4*00 

—                 — 

— 

4*00 

Mg       12 

— 

1203         11*98 

— 

12*00 

S2         32 

— 

—              — 

31*47 

31*47 

O5        40 

— 

—              — 

— 

40*89 

100  100*00 

METHYLODITHIONATE  OF  LIME. 

This  salt  is  best  prepared  by  adding  lime-water  in  excess  to 
methylodithionate  of  zinc,  filtering  off  from  the  oxide  of  zinc,  and 
passing  carbonic  acid  through  the  filtrate,  to  precipitate  the  excess 
of  lime.     On  exposing  a  concentrated  solution  of  this  salt  ija  vacuo, 
it  gradually  dried  up  to  a  solid  mass,  but  owing  to  its  solubility,  no 
crystals  could  be  obtained.     Methylodithionate  of  lime  is  insoluble 
both  in  alcohol  and  ether,  it  is  perfectly  inodorous,  and  possesses 
a  disagreeable  and  somewhat  bitter  taste ;  after  dicing  at  100°C,  it 
yielded  the  following  analytical  results  : 
I.  5*16  grs.,  burnt  with  oxide  of  copper,  gave  2*27  grs.  of  carbonic 
acid,  and  1*53  grs.  of  water. 
II.  7*78  grs.,  dissolved  in  water  and  precipitated  with  oxalate  of 
ammonia  and  ammonia,  the  precipitate  washed,  dried  and 
ignited,  gave  3*882  grs.  of  carbonate  of  lime. 

These  numbers  agree  with  the  above  formula,  as  will  be  seen  from 
the  following  percentage  calculation. 
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Calculated. 

An 

1. 

c. 

12 

1212 

1200 

H3 

3 

203 

3-29 

Ca 

20 

20-20 

— 

S, 

32 

32-32 

— 

O4 

32 

32-32 

— 

—  19-61 


99         99-99 

METHYLODITHIONIC    ACID. 

The  method  adopted  for  the  preparation  of  this  acid  in  its  free 
state,  was  the  precipitation  of  the  baryta,  from  methylodithionate  of 
baryta,  by  dilute  sulphuric  acid.  By  these  means  a  liquid  was 
obtained,  which  reddened  blue  litmus,  possessed  a  feebly  acid  taste, 
and  dissolved  carbonate  of  silver  slowly ;  the  acid  liquid  thus  pro- 
duced, was  however,  very  instable,  decomposing  with  a  deposition 
of  sulphur  in  a  short  time,  even  in  a  very  dilute  solution ;  so  that 
no  salt  of  methylodithionic  acid,  with  the  exception  of  that  of  silver, 
was  prepared  directly  from  the  acid  in  its  free  state. 

METHYLODITHIONIC  ETHER. 

This  ether  was  prepared  by  distilling  a  mixture  of  methylodi- 
thionate of  baryta  and  sulphoAinate  of  potash.  The  reaction  which 
occurred  between  these  bodies,  did  not  take  place  until  they  were 
strongly  heated,  when  an  oily  liquid,  accompanied  with  large 
quantities  of  sulphurous  acid,  distilled  over.  This  Hquid,  after  being 
washed  with  water,  dried  by  standing  over  chloride  of  calcium,  and 
redistilled  in  vacuo,  presented  the  appearance  of  a  light  straw- 
colored  liquid,  with  a  peculiar  fishy  smell,  and  slightly  heavier  than 
water;  on  analysis,  however,  this  ether  did  not  peld  results  from 
which  a  formula  could  be  safely  deduced,  the  temperature  required 
to  produce  it  being  so  high,  that  it  had  probably  undergone  partial 
decomposition. 

METHYLODITHIONATE    OF    SILVER 

Was  prepared  by  treating  carbonate  of  silver  Avith  the  free  acid, 
prepared  as  above.  On  attempting  to  evaporate  a  solution  of  this 
salt  in  a  water -bath,  it  was  decomposed  even  before  the  water  com- 
menced boiling.  Light  also  rapidly  acts  on  this  body,  a  dilute 
solution  blackening  very  quickly  if  exposed  to  daylight.  It  could 
not,  therefore,  be  obtained  in  a  fit  state  for  analysis.     In  regard  to 
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stability,  this  salt  presented  a  striking  contrast  to  Etliylotrithionate 
of  silver,  which  is  remarkably  stable, 

METHYLODITHIONATE    OF    COPPER 

Can  be  prepared  by  the  double  decomposition  of  methylodithio- 
nate  of  baryta,  and  sulphate  of  copper.  Its  aqueous  solution  has  a 
bright  green  color,  which  on  evaporation  at  100°  C  becomes 
brownish  yellow,  owing  to  the  decomposition  of  the  salt ;  indeed 
this  compound  is  so  very  instable,  that  a  dilute  solution  of  it,  exposed 
to  the  atmosphere  at  its  common  temperature,  gradually  decom- 
poses, sulphur  being  deposited. 

METHYLODITHIONATE  OF  NIKEL 

Is  prepared  like  methylodithionate  of  copper,  substituting  sul- 
phate of  nickel  for  sulphate  of  copper.  Its  solution  is  of  a  grass- 
green  color.  This  salt  could  not  be  obtained  in  a  solid  form ;  for 
on  allowing  an  aqueous  solution  of  it  spontaneously  to  evaporate  in 
vacuo,  it  dried  up  to  an  amorphous,  dirty,  buff-colored  mass,  the 
salt,  during  the  evaporation,  having  been  partially  decomposed. 

In  a  former  memoir'^  on  the  subject  of  "  Organo-Thionic- Acids," 
the  results  of  the  action  of  sulphurous  acid  on  zinc-ethyl  are 
described,  and  from  the  analysis  of  the  compound  produced,  I  was 
led  to  regard  it,  as  the  zinc  salt  of  an  acid,  formed  by  the  replace- 
ment of  one  atom  of  oxygen,  in  three  of  sulphurous  acid,  by  ethyl; 
now  ethyl  and  methyl,  being  members  of  the  same  homologous 
series,  and  it  being  an  almost  established  rule  that  when  we  get  a 
body  in  one  of  these  series,  we  may  predict  the  existence  of  its 
homologue  in  the  other,  I  expected  that  by  acting  upoa  zinc-methyl 
under  the  same  conditions  as  on  zinc-ethyl,  I  should  obtain  an 
acid  molecularly  similar  to  the  ethyl  acid,  having  methyl  in  the 
place  of  ethyl.  That  such  is  not  the  case  will  be  seen  from  the 
foregoing  analyses,  the  reaction  instead  of  taking  place  between 
one  equivalent  of  zinc-methyl  and  three  of  sulphurous  acid,  having 
occurred  between  one  of  zinc-methyl,  and  two  of  sulphurous 
acid. 

The  want  of  homology  in  these  acids  is  very  singular,  and  might 
almost  lead  to  the  conclusion,  that  by  acting  with  sulphurous  acid, 
on  the  zinc  compounds  of  the  homologous  series,  commencing  with 
methyl,  we  should  have  one  equivalent  more  of  sulphurous  acid 
taking  part  in  the  reaction  for  every  increase  of  C2H2,  thus,  if  the 

'  Journal  of  the  Chciiiical  Society,  i.  55. 
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body  zinc-hydrogen  were  known,  it  would  probably  commence  this 
series  of  acids,  by  replacing  one  equivalent  of  oxygen  in  one 
equivalent  of  sulphurous  acid,  by  hydrogen. 

I  have  not  yet  been  able  to  try  the  action  of  sulphurous  acid  on 
zinc-amyl,  which  would  decide  this  point,  but  hope  on  some  future 
occasion  to  communicate  to  the  society,  the  results  of  this  reaction. 
The  acid  formed  from  zinc-arayl,  should  it  exist,  would,  according 

The  following  is  a  list  of  the  names  and  formulae  of  the  bodies 
which  have  been  described  in  this  memoir ; 

Methylodithionate  of  Zinc  ZnO,S2  Iq^HsI, 

Methylodithionate  of  Baryta         BaO, 83  (  q^^^T 
Methylodithionate  of  Magnesia  MgO,S2  J^q^HsI  _l  jjq 
Methylodithionate  of  Lime  CaO,S2^  q^    ^  > 


XXVI. — "Some  Chemical  Facts  respecting  the  Atmosphere  of 
Dwelling-houses. 

By  Henry  E.  Hoscoe,  B.A.,  Ph.D. 

The  following  communication  contains  the  results  of  an  investi- 
gation carried  on  for  the  purpose  of  supplying  chemical  data 
respecting  the  warming  and  ventilating  of  private  dwelling-houses, 
including  barracks,  under  a  Commission  appointed  for  that  purpose 
by  the  General  Board  of  Health. 

The  atmosphere  of  a  closed  inhabited  space  is  rendered  unfit  for 
continued  respiration  long  before  the  greater  part  of  the  oxygen 
has  disappeared.  The  presence  of  mere  traces  of  the  products  of 
combustion  is  sufficient  to  produce  an  unhealthy  atmosphere,  even 
when  almost  the  normal  amount  of  the  active  constituent  is 
present.  It  is,  therefore,  by  the  quantity  of  impurities  introduced 
into  the  air  and  not  by  a  diminution  of  the  oxygen  that  we  are 
best  able  to  judge  of  the  capability  of  such  an  atmosphere  to 
support  healthy  animal  life. 
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The  conditions  of  deterioration  which  render  the  supply  of  fresh 
air  necessary  to  lining  animals  inhabiting  closed  spaces,  are : 

1.  The  presence  of  an  excessive  quantity  of  the  oxides  of  carbon 
and  other  poisonous  gases. 

2.  The  presence  of  either  too  large  or  too  small  a  quantity  of 
aqueous  vapour  dissolved  in  the  air. 

3.  The  presence  of  organic  putrescent  bodies,  effluvia,  proceeding 
from  decomposing  animal  or  vegetable  matter. 

4.  Inconvenient  elevation  of  temperature,  arising  from  the  heat 
of  combustion. 

The  existence  of  any  one  of  these  four  sources  of  deterioration 
in  the  air,  in  which  animals  dwell  for  any  length  of  time,  is  inju- 
rious to  the  health  of  such  animals.  In  general,  however,  these 
four  conditions  of  insalubrity  occur  together,  and  an  efficient 
system  of  ventilation  must,  therefore,  1st,  free  the  air  from  the 
excess  of  the  products  of  the  oxidation  of  carbon;  2ndly,  adjust 
the  proper  equilibrium  between  the  air  and  the  dissolved  aqueous 
vapour ;  3rdly,  carry  off  completely  all  putrescent  organic  matter 
disseminated  through  the  air ;  and  4thly,  establish  an  agreeable 
mean  temperature. 

In  order  to  determine  how  we  can  best  diminish  the  quantity  of 
carbonic  acid  produced  in  a  closed  space  by  the  respiration  of  animals, 
and  the  combustion  of  illuminating  bodies,  we  must  know  how 
much  carbonic  acid  is  evolved  by  the  animals  inhabiting  the  spaces 
under  consideration,  and  by  the  substances  used  for  illuminating 
purposes ;  and  also  how  smaU  a  quantity  of  the  oxides  of  carbon 
affects  the  health  of  such  animals.  The  best  experimental  data 
concerning  the  first  of  these  points  Ave  obtain  from  the  researches 
of  Scharling,  who  determined  the  amounts  of  carbonic  acid 
exhaled  by  various  individuals  under  the  normal  conditions  of 
pressure,  temperature,  &c.  Scharling  found  that  the  mean 
quantity  of  carbonic  acid  given  off  by  an  adult  man  per  hour 
amounted  to  3 1*8  grammes,  or  17"52  litres  (1069*2  cubic  inches). 
An  indirect  method  of  obtaining  the  amount  of  expired  carbonic 
acid  from  the  total  volume  of  respired  air  and  its  known  percentage 
of  carbonic  acid,  gives  rather  a  larger  number  for  the  quantity  of 
carbonic  acid  evolved  per  head  per  hour,  viz.,  22"08  litres  (1348 
cubic  inches)  (Vierordt,  Huchinson).  The  mean  of  these  two 
volumes,  or  19*8  litres  (1208  cubic  inches)  may,  therefore,  be 
taken  as  representing  the  maximum  quantity  of  carbonic  acid 
evolved  per  head  per  hour. 
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The  exact  determination  of  the  second  point  is  at  present 
impossible^  from  the  absence  of  any  direct  experimental  facts  upon 
which  a  conclusion  might  be  based.  It  is,  however,  generally 
admitted,  that  air  containing  more  than  1  per  cent,  of  carbonic 
acid  is  injurious,  and  that  air  containing  more  than  05  per  cent, 
is  likewise  hurtful  if  breathed  for  any  length  of  time  (Leblanc. 
Peclet).  Reid  and  Arnott  give  a  much  lower  limit  to  the  non- 
injurious  effects  of  this  gas  ;  but  these  statements  have  not  been 
verified  by  exact  experiment.  Hence  it  is  at  present  premature  to 
say  that  the  smallest  increase  above  the  normal  amount  (J;  in 
10,000)  is  not  productive  of  harm,  and  therefore  no  limit  can  be 
fixed  at  which  the  carbonic  acid  becomes  innoxious ;  the  object  of 
ventilation  in  this  particular  being  to  diminish  the  quantity  of 
carbonic  acid  as  much  as  possible  below  the  limit  admitted  to  be 
hurtful,  without  incurring  other  unpleasant  effects  arising  from 
draughts,  air,  or  reduction  of  temperature.  It  would  nevertheless 
appear  impossible,  by  any  system  of  ventilation,  to  reduce  the 
quantity  of  carbonic  acid  contained  in  an  inhabited  closed  space  to 
the  proportion  found  in  the  free  atmosphere. 

Carbonic  oxide  acts  as  a  much  more  "violent  poison  on  the  animal 
body  than  carbonic  acid ;  an  atmosphere  containing  1  per  cent,  of 
the  former  gas  being  immediately  fatal  to  animal  Hfe,  whilst 
respiration  can  be  continued,  although  with  difficulty,  in  air  con- 
taining from  4  to  5  per  cent,  of  the  latter  gas;  hence,  every  trace 
of  carbonic  oxide,  arising  from  a  possible  entrance  of  the  products  of 
the  coinbustion  of  heating  materials,  must  be  immediately  removed. 

The  average  amount  of  aqueous  vapour  dissolved  in  the  free 
atmosphere  throughout  the  year  is  about  75  per  cent,  of  the 
saturating  quantity  (Mil Her) ;  hence  we  may  conclude  that  in 
artificially  heated  spaces,  the  proportion  of  aqueous  vapour  should 
not  vary  much  from  this  amount.  This  is  borne  out  by  practice ; 
for  in  heating  the  House  of  Lords  the  conditions  under  which  an 
agreeable  atmosphere,  as  regards  aqueous  vapoiu',  is  found  to  exist, 
are  when  the  difference  between  the  wet  and  dry-bulb  thermo- 
meters, at  a  mean  temperature  of  17'8°  C,  is  more  than  1'7°C,  and 
less  than  5°  C,  corresponding  to  an  amount  of  watery  vapour 
varying  from  82  to  55  per  cent,  on  the  saturating  quantity. 

The  third  cause  of  deterioration  in  an  inhabited  confined 
atmosphere,  viz.,  the  presence  of  organic  putrescent  matters, 
animal  effluvia,  is  one  which  for  the  present  we  are  unable  to 
estimate  chemically,  and,  therefore  as,  ceteris  paribus,  the  amount 
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of  carbonic  acid  evolved  from  oxidation  of  the  animal  body  must 
be  proportional  to  the  quantity  of  decomposing  organic  matter, 
we  must,  for  the  present,  take  the  carbonic  acid  as  representing 
deterioration  both  from  respiration  and  from  putrescent  exhalation. 

The  opinions  regarding  the  quantity  of  air  required  for  the 
healthy  continuance  of  respiration  are,  as  has  been  stated,  very 
various.  Upon  purely  practical  and  experimental  grounds  Pec  let 
(Traite  de  la  Chaleur)  concludes  that  each  man  requires  5  cubic  feet 
per  minute.  His  conclusions  are  based,  1st.,  upon  the  amount  of 
air  which  it  was  found  necessary  to  admit,  in  order  to  exclude  all 
closeness  and  smell  from  schools,  and  2ndly,  upon  the  amount  of 
air,  at  the  mean  atmospheric  temperature,  and  half  saturated  with 
aqueous  vapour,  which  became  saturated  by  the  moisture  given  oflF 
from  the  body.  The  minimum  quantity  of  air  which  a  man 
should  receive  per  minute,  is  according  to  Vierordt,  2^  cubic  feet ; 
Dr.  Re  id  advises  10  cubic  feet,  and  Dr.  Arnott  considers  20 
cubic  feet  necessary.  From  the  following  experiments  in  barrack 
and  school-rooms,  I  have  come  to  the  conclusion  that  10  cubic 
feet  per  minute  per  head  is  insufficient  to  remove  all  effluvia,  and 
to  diminish  the  carbonic  acid  to  a  satisfactory  minimum  limit,  and 
that  probably  at  least  20  cubic  feet  per  head  per  minute  is  neces- 
sary to  remove  completely  the  organic  putrescent  matter,  at  least 
in  the  case  of  soldiers'  sleeping-rooms. 

The  amount  of  ventilation  required  in  a  room  of  a  given  size, 
occupied  by  a  given  number  of  persons,  must  naturally  partly 
depend  upon  the  duration  of  the  occupation,  although  in  most 
cases  an  equilibrium  between  the  produced  and  escaping  carbonic 
acid  IS  soon  established. 

The  various  sources  from  which  a  supply  of  fresh  air  is  obtained, 
may  be  divided  into  two  classes;  1st,  natural,  or  accidental  sources, 
or  means  of  access  of  air  not  solely  employed  for  the  purpose  of 
ventilation,  such  as  chimneys,  windows,  walls,  doors,  &c. ;  2ndly, 
artificial,  or  special  sources,  or  means  employed  for  the  direct 
object  of  increasing  the  supply  of  air. 

The  present  incomplete  state  of  the  whole  subject  of  ventilation, 
depends  in  great  measure  on  the  want  of  precise  information  on 
two  fundamental  points.  We  have  already  considered  the  first  of 
these,  viz.,  when  is,  and  when  is  not  a  closed  inhabited  space 
unhealthy  ?  to  this  question  no  definite  answer  can  be  given.  The 
second  point  upon  which  our  knowledge  is  equally  defective  relates 
to  the  amount  of  exchange  of  air  which  we  obtain  from  the  acci- 


ATMOSPHERE   OF    DWELLING-HOUSES. 


255 


dental  sources  under  all  possible  conditions.  Until  we  know 
exactly  when  an  atmosphere  is  unhealthy,  and  can  determine  how 
much  fresh  air  enters^  and  deteriorated  air  issues  from  our  ^vindows, 
doorS;,  and  chimneys,  under  given  circumstances,  we  cannot  expect 
that  the  subject  of  ventilation  should  assume  a  definite  form. 

The  determination  of  the  first  of  these  defective  points  involves 
a  laborious  investigation  in  physiological  chemistry ;  and  the  full 
examination  of  the  second  point  also  entails  an  extended  series  of 
determinations,  of  which  the  results  would  be  valuable  and  trust- 
worthy only  when  the  experimental  data  had  increased  to  a  very 
large  amount. 

I  have  been  unable,  up  to  the  present  time,  to  enter  at  all  fully 
into  this  latter  most  important  fundamental  question.  I  have  merely 
made  one  series  of  determinations  which  may  serve  to  show  the 
interesting  facts  which  might  be  obtained  from  a  more  extended 
experimental  enquiry. 

Experiment  I. 

A  quantity  of  carbonic  acid  was  evolved  in  a  room  of  2,560 
cubic  feet  capacity,  containing  no  fire  and  a  closed  flue,  and  all 
doors  (four)  and  windows  (two)  were  shut.  The  carbonic  acid 
contained  in  the  inclosed  air  was  then  determined  at  consecutive 
half-hours.  The  following  are  the  experimental  data: — Temp,  of 
air,  ll'^l.     Barometric  pressure,  07546™. 


at  0'>0' 

at  CSC 

at  It-O' 

at  l'>30 ' 

Weight      of     carbonic 
acid  obtained. 

grm. 
00135 

grm. 
0-0062 

grm. 
0-0058 

grm. 
0-0058 

Volume  of  water  escap- 
ing. 

1  litre 

1  litre 

1  litre 

1  litre 

at  Qt'O' 

at  0i>30' 

at  l^O' 

at  1^30' 

Volume  of  carbonic  acid 
in  1000  of  air. 

7-207 

3-310 

3-099 

3-099 
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It  is  thus  seen  that  the  carbonic  acid  diminishes  in  half  an  hour 
from  0'7  to  0*3  per  cent,  of  the  total  vohime  of  air  although  all 
direct  ventilation  was  checked.  After  the  first  half-hour  the 
amount  of  carbonic  acid  remained  constant,  possibly  from  the  con- 
tinued respiration  of  two  persons  in  the  confined  atmosphere.  The 
exchange  of  carbonic  acid  through  close  windows,  doors,  and  walls 
appears  from  this  experiment  to  be  very  great.* 

In  order  to  form  some  idea  of  the  amount  of  gaseous  diffusion 
which  takes  place  through  brick  and  mortar  walls,  I  have  deter- 
mined the  quantity  of  carbonic  acid  which  diffuses  through  a 
common  brick.  For  this  purpose  a  brick  was  cemented  with  pitch 
into  the  end  of  a  box,  3  feet  long  and  9  inches  broad,  by  4^  inches 
deep.  The  interior  of  the  box  was  lined  with  pitch,  and  carbonic 
acid  was  led  into  the  box  by  means  of  two  tubes  cemented  into  the 
sides.  After  the  box  had  stood  for  some  minutes  to  aUow  the  gas 
to  diffuse  equally  throughout  the  space,  a  sample  of  the  contained 
atmosphere  was  collected,  by  allowing  the  air  in  the  box  to  enter 
a  gas- collecting  tube  previously  filled  with  mercury.  The  carbonic 
acid  contained  in  the  samples  of  air  thus  collected  in  consecutive 
hours  was  determined  eudiometrically.  In  order  to  exclude  an 
error,  arising  from  a  possible  leakage  of  the  box,  a  second  series 
of  analyses  were  made  in  the  same  way,  with  the  exception  that 
the  whole  brick  was  covered  with  a  layer  of  pitch,  and  thus  the 
leakage  determined.  The  following  table  gives  the  result  of  the 
analysis. 


Experiment  II. 

A.     Determination  of  diffusive  interchange  through  brick. 

1.  Collected  directly  after  filling. 


Vol. 

Pressure. 

°C 

Vol.  at  0°C  and 
0-76  pressure. 

Vol.  of  gas  employed 
After  absorption  of  CO*     . 

122-1 
102-8 

0-7410 
0-7320 

10-2 
10-2 

114-8 
95-4 

•  In  confirmation  of  this  fact,  I  may  state  that  a  perfectly  analogous  result  was 
obtained  independently  by  Professor  Pettenkofer  in  Munich. 


ATMOSPHERE    OF    DWELLING-HOUSES. 

2.  Collected  after  standing  one  hour. 


257 


Vol.  of  gas  employed 
After  absorption  of  CO* 


10-2 

7-7 


95-6 
82-0 


3.  Collected  after  standing  two  hours. 


Vol.  of  gas  employed 
After  absorption  of  CO- 


104-3 
92-5 


96-9 
85-1 


B.   Control  experiment  with  pitched  brick. 

1.  Collected  directly  after  filling. 


Vol. 

Pressure. 

°C 

Vol.  at  0°C  and 
0  76  pressure. 

Vol.  of  gas  employed 
After  absorption  of  CO^.     . 

92-7 
79-5 

0-7053 
0-6974 

5-3 

84-0 
71-6 

2.  Collected  after  standing  three  hours. 


Vol.  of  gas  employed 
After  absorption  of  CO-.    . 


115-6 
101-6 


6-0 
7-0 


107-7 
94-3 


From  experiment  A  we  have, 

Sample  1  contained  16-96  per  cent,  of  carbonic  acid. 
}>        ^         )}         li'<o.w         „  „  „ 

)}        3         „         12*17         „  ,,  ,, 

Hence  the  loss  of  carbonic  acid  in   1st   horn*  was  2*74  per  cent. 
,,  ,,  ,,  ,,  <cnu.         ,,  Z'yjo         ,, 


in  two  hours 


4-79 


From  experiment  B  we  find  that  in  two  hours  a  leakage  of  1*54 
per  cent,  of  carbonic  acid  occurred.  Hence  the  amount  of 
carbonic  acid  which  diffused  through  the  brick  was  in  two  hoiu's 
4*79  —  1  "54  — 3*25  per  cent,  on  a  total  of  16  per  cent,   of  carbonic 
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acid.  That  is,  when  a  closed  space  contained  16  per  cent,  of  car- 
bonic acid,  more  tlian  3  per  cent,  escaped  thi'ough  a  solid  brick  in 
two  hours. 

The  beneficial  action  of  onr  brick  and  mortar  walls  is  therefore, 
not  merely  confined  to  taking  up  or  giving  off  moisture  to  the  air, 
for  they  are  eminently  hygroscopic,  but  an  actual  and  very  large 
diffusive  interchange  goes  on  -syithiu  the  pores  of  the  brick  and 
mortar,  so  that  our  walls  become  a  most  important  aid  to  ventila- 
tion. Of  course  the  kind  of  surface  covering  which  the  walls 
possess,  will  mateiially  influence  the  amoiuit  of  diffusion  which 
takes  place  through  them,  but  the  well-known  unhealthiness  of 
iron  or  new  and  damp  houses,  may  probably  to  some  extent  be 
accounted  for  by  the  absence  of  all  diffusive  interchange  through 
the  wet  walls.  Owing  to  the  impossibility  of  estimating  tbe  animal 
effluvia  in  inhabited  spaces,  the  following  experiments  consist 
chiefly  of  carbonic  acid  determinations,  together  with  estimation 
of  dissolved  aqueous  vapour,  and  in  one  instance  a  determination 
of  the  traces  of  carbonic  oxide  and  hydrocarbons  present  in  the 
confined  atmosphere. 

By  means  of  a  large  aspirator,  a  known  volume  of  air  V,  under 
a  known  pressure  P,  and  at  a  known  temperature  t,  can  be 
drawn  over  a  system  of  weighed  tubes,  alternately  filled  with 
pumice-stone  steeped  in  sulphuric  acid  and  potash.  The  two 
tubes  furthest  from  the  aspirator  contained  sulphuric  acid  for  the 
purpose  of  drying  the  air,  the  next  two  tubes  contained  hydrate 
of  potash  in  a  soft  spongy  mass  to  absorb  the  carbonic  acid,  and 
the  next  two  tubes  contained  sulphuric  acid  to  retain  any 
moisture  taken  from  the  potash.  The  volume  of  dry  air  Vj  at 
0°  and  0-76,  is  found  from  the  following  equation,  in  which  p 
signifies  the  tension  of  aqueous  vapours  at  t°  C. 


V(P-p) 


(1  +  0-00366t)  0-76 

The  volume  of  carbonic  acid  at  0°  C.  and  076  met.  is  found  in  cubic 
centimetres  by  multiplying  the  weight  of  carbonic  acid  found  in 
grammes  by  508-27,  the  volume  in  cub.  cent,  of  1  gramme  of 
carbonic  acid  at  the  normal  temperatm'e  and  barometric  pressure. 
Tn  order  to  test  the  accuracy  of  the  method,  a  determination 
was  made  of  the  carbonic  acid  contained  in  the  free  air  of  London 
on  a  windv  (hiv,  February  27,  18.57. 
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Experiment  gave  the  following  results  : 

Experiment  III. 

Weight  of  carbonic  acid  obtained     .         .  0'0308  grm. 

„  dissolved  aqueous  vapour  0"2410     „ 

Volume  of  aspii-ated  air  ...  43'2  litres 

Atmospheric  temperature         .         .         .  8°C. 

Barometric  pressure         ....  0*7725'" 

Hence  we  have : 

Volume  of  air  at  0°  and  0-76  .         .     42-28  litres. 

Carbonic  acid      •         „  „       •         -     15*50  cub.  cent. 

or  in  10,000  volumes  of  aii*  3*7  of  carbonic  acid. 

The  amount  of  carbonic  acid  found  by  Saussure  (Pogg.  Ann.  XIX. 
391)  in  the  free  atmosphere  at  Chambeisy,  on  the  Lake  of  Geneva, 
was  3*8  in  10,000  as  a  mean  of  17  experiments. 

In  order  still  more  fully  to  test  the  trustworthiness  of  the  method, 
I  made  use  in  Experiment  No.  V  of  twice  as  large  an  absorbing  sur- 
face of  potash  as  that  previously  and  subsequently  employed.  The 
results  of  this  analysis  shows  that  the  whole  of  the  carbonic  acid 
is  withdrawn  by  two  potash  tubes. 

The  first  carbonic  acid  determinations  in  closed  inhabited  spaces 
were  made  at  the  Wellington  Barracks,  in  the  rooms  in  which  the 
men  were  sleeping. 

Experiment  IV. 

Wellington  Barracks.  House  B,  room  16.  Capacity  of  room 
7,920  cubic  feet.  Carbonic  acid  collected  after  16  men  had  occu- 
pied the  room  for  6  hours.  (9^.  p.m.  — 3*^.a.m.)  All  ventilators, 
except  one  over  fire-place,  closed.  Common  wide  grate ;  dimen- 
sions of  chimney  6  feet  from  floor,  1  foot  4  by  9  inches.  All 
doors  and  windows  shut.  Low  fire  in  grate  during  experiment. 
Air  collected  2  feet  6  inches  from  floor,  at  height  of  men^s  heads 
when  in  bed. 

Weight  of  carbonic  acid  obtained   .  .     0*0985    grm. 

„  aqueous  vapour      .          .  .     0  3438         „ 

Volume  of  aspirated  air  .          .  .42  litres 

Duration  of  the  experiment     .  .  .     2^""^.  26' 

Temperature  of  air  .  .  .          .     15°  C. 

Barometric  pressure        ....     0*775™. 

s  2 
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Hence  we  have : 

Volume  of  air  at  0°C.  and  076  met     .      39-93  litres 

„  carbonic  acid     .  .  .     49" 58  cub.  cent, 

or  in  10,000  volumes  of  air,  there  are  12*42  volumes  of  carbonic  acid 

The  amount  of  aqueous  vapour  found  was  8*61  grammes  per 
cubic  metre.  Erom  the  observations  of  the  wet  and  dry-bulb 
thermometer,  wet  13°2  C — dry  16°8C;  the  amount  of  aqueous 
vapour  is  calculated  to  be  8*9  grammes  per  cubic  metre. 
Hence  the  air  of  the  soldiers'  sleeping-room  contained  66 '2  per 
cent,  of  the  saturating  quantity  of  aqueous  vapour. 

Chemical  method  of  determining  the  amount  of  ventilation. 

We  have  assumed  that  a  man  exhales  0'686  cubic  feet  of  car- 
bonic acid  per  hour.  Hence  16  men  will  exhale  6586  cubic  feet 
in  6  hours.  We  noAV  require  to  know  with  wliat  quantity  of  air 
must  this  65*86  cubic  feet  of  carbonic  acid  be  mixed,  so  that  the 
percentage  of  this  gas  should  amount  to  0'1242,  that  is,  the 
quantity  found  in  the  barrack-room. 

As  the  free  atmosphere  contains  carbonic  acid,  we  must  add 
more  air  than  we  should  need  were  it  free  from  that  gas. 

If  V  represent  the  volume  of  pure  air  which  must  be  added, 
and  A  the  fraction  which  the  impurity  in  the  air  (0*04)  is  of  the 
limit  of  impurity  in  the  mixture  (0*1242),  the  volumes  of  air  (VJ 
which  must  be  added,  is  found  from  the  expression. 

Vi=V  +  Va  4-  Va2  +  .  .  .  Va"^ 

The  three  first  terms  of  this  series  are  all  that  need  be  con- 
sidered. 

In  this  way  it  is  found  that  in  order  to  reduce  65 '86  cubic  feet 
of  carbonic  acid  to  0*1242  of  the  total  bulk,  Ave  require  76,600 
cubic  feet  of  air.  That  is,  in  6  hours  76,600  cubic  feet  of  air  pass 
through  the  room  and  carry  off  0*1242  per  cent,  of  its  bulk  of 
carbonic  acid.  This  gives  to  each  man  a  volume  of  13*3  cubic 
feet  per  minute,  a  quantity  insufficient  to  remove  completely  all 
animal  effluvia. 

Physical  method  of  determining  the  amount  of  ventilation. 

The  quantity  of  air  issuing  from  any  chimney  can  be  calculated, 
when  the  mean  temperature  and  the  dimensions  of  the  chimney 
are  known. 

Temp,  of  outer  air  9°  C. 

Mean  temp,  of  chimney  31°  C. 


ATMOSPHERE   OF   DWELLING-HOUSES.  261 

Height  of  chimney  57  feet. 

Area  of  chimuey-pot  60  square  inches. 

From  these  data  a  volume  of  35  cubic  feet  of  air  is  found  to 
issue  from  the  chimney  per  minute. 

From  this  determination  it  -vroukl  seem  that  only  a  portion  of 
the  deteriorated  air  is  carried  off  by  the  chimney  draught,  the 
larger  proportion  escaping  by  the  other  accidental  sources  of 
ventilation,  viz.,  windows,  doors,  and  walls 

Experiment  V. 
Wellington  Barracks.     Conditions  in  every  respect  the  same  as 
in  the  previous  experiment.     Double  the  usual  number  of  potash- 
tubes  were  employed. 

Weight  of  carbonic  acid  obtained    .  O'OSIO  grm. 

„         water  „  .  0"2653    „ 

Vol.  of  aspirated  air       .         .         .36  litres. 
Dui'ation  of  the  experiment   ♦         .  2*^  0'* 

Temp,  of  air 14°9  C. 

Barometric  pressure       .         .         .  0'776™. 
Wet  bulb  therm.  ll°-2    Dry  ditto  14P-7 
Hence  we  have  : 

Vol.  of  carbonic  acid  at  0°  &  076      40-77  cub.  cent. 

„        air 34-29  litres. 

or  in  10,000  volumes  of  air  11*89  vols,  of  carbonic  acid. 

The  quantity  of  aqueous  vapour  found  was  7*74  grms.  per 
cubic  metre;  the  tliermometrical  observations  giving  8*3  grms. 
per  cubic  metre 

From  this  determination  it  is  seen  that  under  like  conditions 
the  quantity  of  carbonic  acid,  and  consequently  the  amount  of 
ventilation  remains  constant  on  two  consecutive  nights. 

Experiment  VI. 
In  order  to  determine  the  increase  in  the  carbonic  acid  pro- 
duced by  a  crowded  state  of  the  room,  4  additional  men  slept 
in  the  room,  on  another  occasion,  making  a  total  of  20  men,  and 
the  carbonic  acid  was  estimated  as  before.  The  presence  of  a 
trace  of  carbonic  oxide  or  hydro-carbons  was  also  detected  by 
passing  the  air,  deprived  of  moisture  and  carbonic  acid,  over  ignited 
oxide  of  copper,  and  collecting  the  carbonic  acid  and  water  formed. 
The  other  conditions,  as  to  stoppage  of  artificial  ventilation,  &c.  &c., 
remained  the  same  as  in  Experiment  IV. 
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Weight  of  carbonic  acid  obtained       .         .     O'OSOl  grm. 
Weight  of  C02  &  HO  from  CO  &  C'^H'^     .     00102     „ 
Volume  of  aspirated  air     .         ,         .         .30  litres. 
Temp,  of  air  12°5  C.     Barometric  pressure     0-764."' 
Wet  bulb  thermometer  8°4  Dry  ditto     11°7 

Hence  : 

Vol.  of  carbonic  acid  at  0°  &  0* 7 6       .     40-32  cub.  cent. 

„        ail- 28-43  litres. 

or  in  10,000  volumes  air  14*18  vols,  carbonic  acid. 

The  volume  of  carbonic  oxide  and  marsh  gas  corresponding  to 
the  volume  of  water  and  carbonic  acid  obtained  is  found  to  be 
about  1  part  in  10,000. 

The  most  important  conclusions  which  we  may  draw  from  these 
determinations  are,  that  even  in  cold  weather,  an  insufficient  venti- 
lation is  obtained  in  the  soldiers'  sleeping  rooms  by  means  of  acci- 
dental sources  of  fresh  air,  and  of  the  chimney  draught  occasioned 
by  a  small  hre.  In  the  summer  when  the  difference  between  the 
temperature  of  the  outer  and  the  inclosed  air  becomes  very  small, 
the  ventilation  by  chimneys  and  windows  alone  will  become  more 
inefficient. 

In  order  to  determine  how  far  the  natural  or  accidental  sources 
of  ventilation  supply  the  necessary  exchange  of  aii',  in  cases  in 
which  the  production  of  carbonic  acid  is  more  rapid,  several 
determinations  were  made  in  crowded  school-rooms  in  which  the 
du'ect  access  of  fresh  air  was  more  or  less  checked. 

Experiment  VII. 

Large  day-school  for  boys.  Capacity  of  room  22,140  cub.  ft. 
Number  of  boys  present  164.  Imperfect  ventilation  from  stove- 
flue,  and  accidental  sources.  Determination  made  after  the  room 
had  been  occupied  for  2 5  hours. 

Weight  of  carbonic  acid  obtained    .         .  0*0519  grm. 

Vol.  of  aspirated  air        .         .         .         .12  litres. 

Temp,  of  air  18°C.     Barometric  pressure  0-759™ 

Wet  bulb  therm.  16°  7.       Dry  ditto        .  19°  1 

Hence : 
Vol.  of  carbonic  acid  at  0°  &  0*76         .  26*12  cub.  cent. 
„        air  .  .  .  .  .  .   11  01  litres. 

or  in  10,000  volumes  of  air  23-71  volumes  of  carbonic  acid.     This 
corresponds  to  an  allowance  of  330  cubic  feet  of  air  per  head  per 
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lioiir  (calculated  as  in  Experiment  IV)  or  less  than  6  cubic  feet 
per  minute. 

The  aqueous  vapour  amounted  to  12  grms.  per  cubic  metre  or 
75 "0  per  cent,  on  the  saturating  quantity. 

Experiment  VIII. 

The  carbonic  acid  contained  in  the  atmosphere  of  a  crowded 
school-room,  having  a  capacity  of  4,640  cubic  feet,  and  containing 
67  boys,  was  next  determined.  The  only  means  of  exchange  of 
air  consisted  in  a  chimney  draught  and  accidental  openings  from 
windows,  doors,  &c. 

Weight  of  carbonic  acid  obtained      .         .     00687  grm. 
Volume  of  aspirated  air    .  .  .  .12  litres. 

Temp,  of  air  12°  C.      Barometric  pressure     0"7478'^ 
Wet  bulb  therm.  10°6,  Dry  ditto       .     12°4  C. 

Hence : 

Volume  of  carbonic  acid  at  0°  &  0*76    .     34"57  cub.  cent. 
„  air        ....  .     11'15  litres. 

or  10,000  volumes  air  contain  3 TOO  vols,  of  carbonic  acid.  This 
represents  an  amount  of  ventilation  of  2i0  cubic  feet  per  head  per 
hour,  or  only  4  cubic  feet  per  minute. 

Hence  it  is  seen  that  the  accidental  sources  of  ventilation  are 
quite  inadequate  to  furnish  the  requisite  amount  of  exchange  of 
air  in  the  case  of  crowded  schools. 

The  next  point  to  which  I  directed  ray  attention  was  the  distri- 
bution of  carbonic  acid  throughout  inhabited  spaces,  ventilated  by 
a  chimney  draught  together  with  windows,  doors,  &c. 

It  has  been  stated  that  in  common,  un ventilated  dwelling-rooms, 
the  heated  carbonic  acid  iormed  by  respiration,  and  combustion  of 
illuminating  substances,  on  ascending  accumulates  in  the  upper 
parts  of  such  rooms,  not  being  removed  by  the  current  of  fresh  air 
entering  by  the  doors  and  windows,  and  issuing  by  the  fire-place 
into  the  chimney.  A  permanent  atmosphere  rich  in  carbonic 
acid  is  thus  supposed  to  exist  in  all  inhabited  rooms,  not  artificially 
ventilated  at  top,  and  persons  breathing  the  air  above  the  level 
of  the  chimney  opening  were  conceived  to  be  respiring  an  un^ 
healthy  air,  whilst  children  breathing  below  that  level,  were 
asserted  to  be  consuming  a  healthy  aii-,  free  from  any  excessive 
quantity  of  carbonic  acid. 
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This  supposition  is  rendered  extremely  doubtful  by  two  purely 
theoretical  considerations. 

1.  The  known  laws  of  expansion  of  gases  by  heat, 

2.  The  known  laws  of  the  diffusion  of  gases. 

Experiment,  both  chemical  and  physical,  has  most  fully  con- 
firmed this  theoretical  presumption,  and  has  proved  that  in  ordi- 
nary dwelling-rooms,  even  in  the  exaggerated  form  of  crowded 
school-rooms,  the  above  causes  are  quite  sufficient  to  equalize, 
throughout  the  closed  space,  the  amount  of  carbonic  acid  formed 
by  respiration ;  that  in  fact  the  atmospheres  of  such  inclosed 
spaces  are  homogeneous  as  regards  the  contained  carbonic  acid. 

A  series  of  valuable  observations  made  on  the  direction  and  force 
of  the  currents  in  the  atmosphere  of  a  heated  room  has  been  lately 
made  for  the  Commission  on  Warming  and  Ventilating  Private 
Dwellings,  by  Mr.  J.  F.  Campbell,  the  Assistant  Secretary  of  the 
Board  of  Health.  Mr.  Campbell  determined  the  effects  produced 
on  the  atmosphere  of  a  closed  room  by  the  radiant  heat  from  a  fire, 
by  means  of  thin  filaments  of  floss-silk  placed  in  regular  position, 
throughout  the  space  to  be  examined.  The  observations  thus  con- 
ducted, show,  that  a  continual  and  rapid  circulation  of  the  air 
takes  place  throughout  the  inclosed  space ;  the  rarified  atmosphere 
in  front  of  the  fire  rising  rapidly,  with  a  force  of  from  14  to  30 
grains  per  square  foot,  as  measured  by  Mr.  Campbell,  and 
spreading  out  along  the  ceiling  in  the  direction  of  the  cooling 
surfaces  of  the  walls  and  windows,  where  it  immediately  falls,  and 
is  carried  again  forward  to  the  fire  to  supply  the  place  of  the 
expanded  air  rising  to  the  ceiling. 

In  order  to  obtain  chemical  evidence  regarding  the  homogene- 
ous nature  of  the  inclosed  atmosphere,  simultaneous  carbonic 
acid  determinations  were  made  in  the  air  collected  above  and 
below  the  level  of  the  chimney  opening  in  several  unventilated 
rooms. 

Experiment  IX. 

The  first  simultaneous  carbonic  acid  determination  in  the  air  of 
two  different  parts  of  a  closed  unventilated  space,  was  made  in  a 
small  room  inhabited  by  a  costermonger's  family. 

Capacity  of  room  950  cub.  ft.,  containing  9  persons.  Chimney 
draught  from  small  fire,  together  with  accidental  sources  the  only 
means  of  ventilation. 
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A. — Air  collected  6  inches  from  ceiling  in  centre  of  room. 

Weight  of  carbonic  acid  obtained     .  .     0'0266  gi-m. 

Vol.  of  aspirated  air  .  .  .  .12  litres. 

Temp,  of  air  16°  C.      Barometric  pressure     07425™ 

Hence  we  have : 

Vol.  of  carbonic  acid  at  0°  &  0-76        .     14'09  cub.  cent. 
„        air  .....     ]1"03  litres. 

or  in  10,000  vols,  air  12"13  vols,  carbonic  acid. 

B. — Air  collected  2|  feet  from  floor  below  level  of  the  opening  of 

chimney-flue. 

"Weight  of  carbonic  acid  obtained  .         .  0*0280  grm. 
Vol.  of  aspirated  air       .  .  .  .12  litres. 

Temp,  of  air  16°.      Barometric  pressure.  07425'" 

Hence : 

Vol.  of  carbonic  acid  at  0°  &  0-76        .     14-09  cub.  cent. 

„  ail- 1103 

or  in  lOjOOO  vols,  of  air  12-76  vols,  carbonic  acid. 

Experiment  X. 

Crowded  school-room.  Capacity  4640  cubic  feet.  Number  of 
boys  70.  Temperature  of  air  14°5.  Barometric  pressure  07427'". 
Ventilation  from  chimney  flue  and  accidental  openings. 

A. — Air  collected  6  inches  from  ceiling. 

Weight  of  carbonic  acid  obtained  .     0-0719  grm. 

Vol.  of  aspirated  air        .  .  .12  litres. 

Hence : 

Vol.  of  carbonic  acid  at  0°  &  0-76  .     36-19  cub.  cent. 

„  air      .  .  .  .     10-95  litres, 

or,  in  10,000  vols,  air  33-05  carbonic  acid. 

B. — Air  collected  3  feet  from  floor — below  level  of  chimney-piece 
— at  level  of  boys'  heads  when  sitting. 
Weight  of  carbonic  acid  obtained  .     0*0708  grm. 

A^ol.  of  aspirated  aii-         .  .  .     12  litres. 

Hence  : 

Vol.  of  carbonic  acid  at  0°  &  0-76  .     35-63  cub.  cent. 

,j  air         .  .  .  .     10*95  litres, 

or,  in  10,000  vols,  of  air  32-53  vols,  carbonic  acid. 
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Experiment  XI. 

A  second  determination  in  the  same  locality,  under  similar  cir- 
cumstances. 

Temperature  of  air  12°5.     Barometric  pressure  0*7627°\ 

A. — Collected,  6  inches  from  ceiling. 

Weight  of  carbonic  acid  obtained  .     0*0539  grm. 

Vol.  of  aspirated  air       .         .         .         .12  litres. 

Hence  we  have : 

Vol.  of  carbonic  acid  at  0°  &  076  .     27-12  cub.  cent. 

„  air  .....     11*35  litres. 

or,  in  10,000  air,  23*9  volumes  of  carbonic  acid. 

B. — Collected,  2^  feet  from  floor. 

Weight  of  carbonic  acid  obtained  .     00555  grm. 

Vol.  of  aspirated  air      .         .         .         .12  litres. 
Hence : 

Vol.  of  carbonic  acid  at  0°  &  7*76  .     27*93  cub.  cent. 

„  air  .....     11-35  litres, 

or,  in  10,000  vols,  air  2J;-59  vols,  carbonic  acid. 

Experiment  XII. 

Simultaneous  carbonic  acid  determinations  made  in  a  large  and 
more  crowded  school-room  (for  dimensions,  &c.  see  Expt.  VII.) 

Temperature  of  air  15°.     Barometric  pressure  0-7485™. 
A. — Air  collected,  6  inches  from  ceiling. 

Weight  of  carbonic  acid  obtained  .  .     0-0590  grm. 

Vol.  of  aspii-ated  air      .         .          .  .12  litres. 

Hence: 

Vol.  of  carbonic  acid  at  0°  &  0-76  .     2969  cub.  cent. 

„  air         .  .  .  .     11  01  litres, 

or  in  10,000  vols,  air  26-96  vols,  carbonic  acid. 

B. — Air  collected  3  feet  from  floor. 

Weight  of  carbonic  acid  obtained  .     0-0645  grm. 

Vol.  of  aspirated  air        .  .  .12  litres. 

Hence : 

Vol.  of  carbonic  acid  at  0°  &  0-76  .     32-46  cub.  cent, 

air         ....      1101  litres, 
or  in  10,000  air  29-49  vols,  carbonic  acid. 
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Experiment  XIII. 

Simultaneous  carbonic  acid  determinations  made  at  the  Wel- 
lington Barracks.  Room  of  similar  dimensions  as  in  previous 
experiments.  Supplied  ^tli  Arnott^s  stove  and  ventilator  ;  both 
flue  and  ventilator  fully  open.  Fire  nearly  out,  20  men  in  room. 
Other  conditions  as  before. 

Atmospheric  temperature  16°0.     Barometric  pres.  0*764(y^. 

A. — Air  collected  3  inches  from  ceiling. 

Weight  of  carbonic  acid  obtained  .     0*0308  grm. 

Vol.  of  aspirated  air        .  .  .12  litres. 

Hence : 

Vol.  of  carbonic  acid  at  0°  «ScO*76  .     15-50  cub.  cent. 

„  air         .  .  .  .     11-20  litres, 

or  in  lOjOOO  vols,  air  13*82  vols,  carbonic  acid. 

B. — Air  collected  2^  feet  from  floor. 

Weight  of  carbonic  acid  obtained  .     00375  grm. 

Vol.  of  aspirated  air       .  .  .12  litres. 

Hence : 

Vol.  of  carbonic  acid  at  0°  &  0*76  .     18'87  cub.  cent. 

„         air .     11*20  litres. 

or  in  10,000  vols,  air  16*84  vols,  carbonic  acid. 

From  these  determinations  it  is  seen  that  in  inhabited  dwelling- 
rooms  or  school-rooms,  the  carbonic  acid  is  distributed  equally 
throughout  the  atmosphere,  the  small  differences  arising  not  only 
from  the  errors  of  experiment,  but  also  from  the  slightly  varying 
composition  of  the  currents  of  air  passing  over  the  point  at  which 
the  air  was  collected. 

In  order  to  determine  the  influence  which  a  considerable  eleva- 
tion of  temperatui'e,  from  the  combustion  of  large  quantities  of 
gas  and  the  respiration  of  a  number  of  persons,  exerted  upon  the 
distribution  of  carbonic  acid,  two  simultaneous  determinations 
were  made  in  the  air  fi'om  the  pit  aud  gallery  of  a  fashionable 
crowded  theatre. 

Experiment  XIV. 

By  means  of  a  system  of  tubes,  the  air  was  collected  at  a  height 
of  4  feet  above  the  stage  over  the  stalls,  and  also  at  a  distance 
of  30  feet  du*ectly  above  the  first  position  in  tlie  front  of  the 
gallery. 
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Temperature  of  the  air  23°  C.     Barometric  pressure  0*7376° 
A. — Air  collected  34  feet  above  stage. 
Weight  of  carbonic  acid  obtained 
Vol.  of  air  aspirated 
Hence  : 

Vol.  of  carbonic  acid  at  0°  &  0'76 
„         air 
or  in  lOjOOO  volumes  of  air  32'12  vols,  carbonic  acid. 

B. — Ail'  collected  4  feet  above  the  stage 
Weight  of  carbonic  acid  obtained 
Vol.  of  aspirated  air 
Hence : 

Vol.  of  carbonic  acid  at  0°  &  0*76 
„         air  .         .  . 

or  in  10^000  volumes  air  26*37  carbonic  acid. 

Here,  as  would  naturally  be  expected,  a  great  difference  is  found 
to  exist  between  the  amount  of  carbonic  acid  contained  in  the 
lower  and  in  the  higher  layers  of  air. 

The  following  tables  give  the  results  of  the  foregoing  experiments. 


.     00444  grra. 
.     8  litres. 

22-34  cub.  cent. 
6'96  litres. 


.     0*0547  grm. 
.     12  litres 

27*53  cub.  cent. 
10*44  litres. 


TABLE  I. 

RESULTS    OF    CARBONIC    ACID    DETERMINATIONS    IN    VARIOUS 
LOCALITIES. 


Number  and  Locality 
of  Experiment. 

Carbonic 
acid  found 

in  1000 

volumes  of 

air. 

Cubic 
capacity 
of  closed 

space. 

Xumber 

of 
persons 

con- 
tained. 

Number  of 
cubic  feet 

of  air 
per  head 
per  hour. 

Amount  of 

aqueous 

vapour 

saturating 

quantity  =  100. 

Experiment  III. 
Normal  Air 

0-37 

— 

— 

65-5 

Experiment  IV. 
Wellington  Barracks 

1-242 

cub.  ft. 
7920 

16 

cub.  ft. 
13-3 

66-2 

Experiment  V. 
Wellington  Barracks 

1-189 

7920 

16 

13-0 

69-5 

Experiment  VI. 
Wellington  Barracks 

1-418 

7920 

20 

— 

65-0 

Experiment  VII. 
Large  School  Room  . 

2-371 

22140 

164 

6 

75-0 

Experiment  VIII. 
School  Room 

3-100 

4640 

67 

4 

74-0 
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TABLE  II. 

BISTRIDUTION    OF    CARBONIC    ACID    IX    DWELLING    ROOMS,  ETC. 


Carbonic  acid  in  1000 
vols.  air. 

Deviation 
from 
mean. 

Cubic 
capacity 
of  room. 

Number 

Number  and  Locality 
of  Experiment. 

collected 
6  inches 

from 
ceiling. 

collected 

2h  ft.  from 

floor. 

of 
persons. 

Experiment  IX. 
Small  Dwelling  Room 

1-213 

1-276 

+  0031 

940 

9 

Experiment  X. 
School  Koom 

3-305 

3-2.53 

+ 
-0-016 

4640 

70 

Experiment  XL 
Ditto   . 

2390 

2-459 

+  0-034 

4640 

70 

Experiment  XII. 
Larger  School  Eoom 

2-696 

2-948 

+  0-126 

22140 

160 

Experiment  XIII. 
Wellington  Barracks 

1-382 

1-684 

+  0-152 

7920 

20 

Experiment  XIV. 
Crowded  Theatre  . 

30  ft.  from 
stage 
3-212 

4  ft.  from 
stage 
2-637 

+ 
-0-287 

not  dete 

[mined. 

XXYII.— APPENDIX  TO  PAPER 

''  On  some  Points  in  the  Composition  of  Wheat-Grain,  its  Products 
in  the  Mill,  and  Bread.'' 

(See  pp.  1 — 55.) 

By  J.  B  Lawes,  E.R.S.,  F.C.S.,  and 
J.  H.  Gilbert,  Ph.D.,  F.C.S. 

On  the  assumption  that  it  is  established  by  others  (for  we  have  not 
ourselves  any  direct  experiments  on  the  point),  that  the  loss  of  dry 
substance,  by  the  panary  fermentation,  is  less  than  one,  and, 
perhaps,  less  than  0'5  per  cent,  of  that  of  the  flour  employed,  it  is 
obvious  that  the  number  of  loaves  of  a  given  weight  obtained  fi-om 
a  sack  of  flour  (280  lbs.)  being  given,  and  the  per-centage  of  water 
in  the  flour  also  known,  we  could  easily  estimate,  within  very 
narrow  limits,  the  per-centage  of  dry  substance  in  the  bread  pro- 
duced. The  per-centage  of  diy  matter  in  bread,  thus  determined 
by  calculation  from  the  actual  or  assumed  amount  in  the  flour,  AviU 
be  too  high  by  the  unknown  quantity  lost  by  fermentation,  and  too 
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low  by  the  amount  of  salt,  or  other  saline  matter,  added.  On  the 
latter  point  it  may  be  stated,  that  about  4  lbs.  of  salt  to  the  sack  of 
flour  is  equal  to  about  1  per  cent,  in  the  bread.  Indeed,  assuming 
the  loss  by  fermentation  as  above,  and  taking  such  data  as  we 
possess  as  to  the  usual  amount  of  mineral  matter  added  by  the 
baker,  we  are  disposed  to  conclude,  that  the  dry  matter  in  bread, 
calculated  as  above  supposed  from  the  amount  of  dry  substance  in 
flour,  and  the  amount  of  bread  it  yields,  would  be  too  low  by  from 
0*5 — 1  per  cent.,  depending  on  the  quantity  of  the  extraneous 
mineral  matter  used. 

Again,  if  the  whole  of  the  loss  by  the  changes  during  fermenta- 
tion be  less  than  0*5  per  cent.,  and  if  these,  as  is  known  to  be  the 
case,  mainly  affect  the  non-nitrogenous  constituents,  we  can,  in 
the  same  way  as  for  the  dry  matter  and  the  water,  estimate  pretty 
exactly  the  amount  of  nitrogen,  or  of  nitrogenous  compounds,  from 
the  amount  of  the  one  or  the  other  in  the  flour  employed. 

Frequently,  however,  the  estimates  which  are  given  by  one  and 
the  same  authority,  for  the  composition  of  wheaten-flour  and  bread 
respectively,  do  not  seem  to  bear  a  proper  relation  to  each  other. 
We  have  thought,  therefore,  that  it  might  be  useful  to  give,  as  an 
appendix  to  our  paper,  a  tabular  form,  sho^ang  the  yield  of  bread 
from  100  of  flour,  and  the  per-centages  of  dry  matter,  water, 
nitrogen,  or  nitrogenous  compounds,  in  the  former — assuming  any 
given  number  of  four-pound  loaves  to  be  obtained  from  a  sack  of 
flour,  and  assuming  also  given  probable  amounts  of  water  and  of 
nitrogen  in  the  flour.  This  is  accordingly  done  in  Table  XVI., 
which  follows. 

We  need  only  further  say  that,  with  fermented  baker's  bread  of 
good  quality,  ninety-five  really  four-pound  loaves  to  the  sack  of 
flom*  is  a  yield  perhaps  very  seldom  reached.^  It  would  appear, 
however,  from  published  statements,  that  of  unfermented  bread, 
more  than  100  four-pound  loaves  may  be  obtained  from  the  sack  of 
flour.  It  is  worthy  of  remark,  that  if  this  be  the  case,  and  if  the 
loss  by  the  fermentative  process  be  really  so  small  as  is  now  sup- 
posed, the  gain  in  weight  by  the  non-fermenting  method,  is  only  a 
gain  of  water  retained  in  the  bread.  Unless,  therefore,  the  unfer- 
mented bread  be  better  adapted  for  digestion  or  assimilation,  or  be 
sold  at  a  correspondingly  lower  price,  the  consumer  will  be  a  con- 
siderable loser  by  the  purchase  of  the  unfermented  loaf. 

*  We  speak  of  course  of  pxire  whfaten  bread. 
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PAPERS    CONTAINED    IN    OTHER    JOURNALS. 


On  the  Application  of  Sewage  to  Agriculture." 
By    Dug  aid    Campbell,    Esq.,    F.C.S. 

The  object  of  tlie  following  report  is  in  the  first  place  to  attempt 
an  exposition  of  the  actual  natui'e  of  the  problem  involved  in  the 
utilization  of  sewage  for  agricultural  purposes,  as  it  appears  from  a 
chemical  point  of  view.  For  this  purpose  I  shall  have  to  request 
your  attention  to  some  points  of  what  may  be  termed  the  Chemical 
History  of  Sewage,  in  reference  to  its  origin,  alteration,  and  the 
various  circumstances  which  increase  or  lessen  the  possibility  of 
rendering  it  practically  available  for  fertilizing  land. 

I  shaU  then  bring  before  you  an  account  of  the  various  sugges- 
tions that  have  been  put  forward  for  the  purpose  of  solving  this 
problem  and  a  statement  of  such  data,  as  may  be  serviceable  for 
forming  an  opinion  as  to  their  respective  merits. 

The  chief  element  of  the  agricultural  value  of  sewage  originates 
from  the  excrement,  solid  and  liquid,  of  the  population. 

The  value  of  these  excretions  as  manure  has  been  sufficiently 
pointed  out  by  various  chemists,  and  they  had  long  been  in  use, 
both  in  this  country  and  on  the  Continent,  but  without  any 
attempt  that  I  can  find  to  manufacture  them  into  a  more  portable 
and  less  objectionable  form  than  that  in  which  they  are  delivered  by 
nature,  until  early  in  this  centurj^,  when  in  180.2,  a  person  of 
the  name  of  Estienne  proposed  to  gather  the  excrements  into 
tanks,  to  allow  the  liquid  part  to  run  oft",  and  to  dry  the  residue  in 
the  sun,  either  alone  or  mixed  with  lime. 

When  this  dry  mass  was  stowed  into  sheds  in  heaps,  its  tem- 
perature rose  to  212°  F,  afterwards  it  was  crushed  into  a  powder 
which  is  stated  to  have  been  devoid  of  smell  and  not  very  bulky. 
I  may  state  in  confirmation  of  this  that  a  few  years  afterwards,  Sir 
Humphry  Davy,  in  a  lecture  delivered  to  the  Board  of  Agri- 
culture, mentioned  especially  mixing  quicklime  with  night-soil  to 
deprive   it  of  its   disagreeable   smell,  and   observed,  at  the  same 

*  Lecture  delivered  before  the  Chemical  Society,  April  6th,  1857. 
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time,  that  the  Chinese,  whom  he  considered  to  possess  a  greater 
amount  of  practical  knowledge  of  the  use  and  application  of 
manures  than  any  other  nation,  are  in  the  habit  of  mixing  tlieir 
nightsoil  with  one-third  of  its  weight  of  fat-marl,  making  it  into 
cakes,  and  drying  it  by  exposure  to  the  sun.  "  These  cakes,^'  Sir 
Humphrey  adds,  "we  are  informed  by  the  French  missionaries 
have  no  disagreeable  smell  and  form  a  common  article  of  commerce 
of  the  empire." 

After  these  suggestions  on  disinfecting  night-soil  and  depriving 
it  of  odour,  no  further  progress  appears  to  have  been  made  until 
1835,  when  Poittevin  noticed  the  value  of  carbon,  as  an  adjunct 
to  marl,  for  disinfecting  substances,  and  obtained  a  patent  for  the 
preparation  of  a  powder  containing  charcoal  for  this  purpose. 

This  suggestion  of  M.  Poitt  evin's  of  using  carbonaceous  matters 
for  the  purpose  of  depriving  substances  of  any  objectionable  odour 
seems  to  have  been  followed  by  a  great  inany  persons  who  obtained 
patents  for  various  methods  of  converting  excreta  and  other  refuse 
into  manure.  The  principal  differences  consist  in  the  methods  of 
obtaining  the  carbonaceous  matter  for  this  purpose ;  in  some  cases, 
carbonaceous  residues  from  other  operations  were  used.  The  first 
person  after  M.  Poittevin,  who  made  any  step  in  tliis  direction, 
appears  to  have  been  the  Count  de  Hompesch,  in  18il,  who 
proposes  to  grind  up  the  carbonaceous  residue  from  the  retorts 
after  distilling  the  oils  from  clay,  slate,  asphalt,  or  minerals  con- 
taining bitumen,  and  to  mix  this  powder  with  animal  or  putrid 
matters  to  form  a  "  most  powerful  manure  without  any  smell.'' 
The  Count  observes,  that  when  iron  pyrites  are  present  in  the 
mineral,  which  would  be  the  case  were  schist  employed,  thev  are 
to  be  dissolved  out  of  the  powder  with  an  acid,  previous  to  use'. 

In  1842,  Dominic  Frick  Albert  proposed  to  collect  the  refuse 
fi-om  nearly  every  trade  and  manufacture,  and  to  mix  it  with 
animal  excretion  and  charcoal  for  the  purpose  of  makino-  manure. 

In  June,  1845,  M.  de  Buisson  distilled  oils  from  bituminous 
matters,  and  employed  the  carbonaceous  residues  from  the  retort, 
mixed  with  the  ammoniaeal  liquor  from  the  distillate,  to  absorb 
fresh  or  coagulated  blood  or  any  other  soft  animal  material,  such 
as  night=soil  or  brains ;  or  liquid,  such  as  urine,  by  which  the 
power  of  the  manure  is  increased. 

In  August,  1845,  John  Evans  proposed  to  manufacture  manure 
by  collecting  and  mixing  together  every  kind  of  animal  refuse 
with  urine,  and  the  refuse  of  a  great  many  trades.  These  sub- 
stances were  to  be  treated,  imder  different  circumstances,  with 
different  chemical  agents,  such  as  decoctions  of  oak,  pyrohoueous 
acid,  sulphate  of  iron,  alum,  pyrolignite  of  iron,  naphtha  mixed 
Avith  a  small  quantity  of  nitric  acid,  sulphuric  acid,  and  magnesia. 

Early  in  1847,  Mr.  Edward  Brown  proposed  to  neutrahze  the 
odorous  and  noxious  gases  emanating  from  fecal   substances,  so  as 
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to  preserve  them  for  manure,  without  injury  to  the  public  health, 
by  means  of  "  sulphate  of  iron,  chlorides  of  sodium,  iron  or  man- 
ganese, nitrates,  sulphates,  and  chlorides  of  lead,  copper,  zinc,  and 
tin;  pyroligneous  acid,  coal-tar,  or  schistous  and  bituminous 
extracts.'^  The  fecal  substances  were  to  be  mixed  with  an  absorbent 
powder,  made  by  incinerating  iu  close  vessels  coal,  or  wood  ashes, 
and  earth,  street  or  i-oad  sweepings,  sawdust,  bone-dust,  and  the 
was!e  ^vuter  of  tan-yards,  cotton  mills,  &c. 

In  May,  18-1.7,  Mr.  William  Bridges  Adams,  and  Mr.  Robert 
Richardson,  proposed  to  construct  at  railway  stations  close 
cisterns  of  slate  or  metal  or  other  eligible  material,  into  which  the 
urine  might  drain,  or  to  use  chemicals  for  absorbing  "  the  volatile 
alkali  and  other  gases/^ 

Edward  Parker,  in  October,  1847,  proposed  to  submit  a  mix- 
ture of  vegetable  and  mineral  materials  to  the  action  of  fire,  and 
amongst  the  things  suggested,  are  night-soil  and  urine. 

Mr.  James  Young,  now  of  Glasgow,  in  a  paper  read  before 
the  Manchester  Literary  and  Philosophical  Society,  in  December 
1847,  suggested  for  deodorizing  cesspools,  the  refuse  of  the  chlorine 
process,  which  is  principally  chloride  of  manganese,  and  which  he 
stated  was  at  that  time  a  useless  pi'oduct,  one  factory  thiowing 
away  daily  thirty-six  tons  of  this  solution  of  about  sp.  gr.  1'280 
or  1-300. 

Mr.  Jasper  Wheeler  Rogers,  in  1848,  proposed  to  prepare 
charcoal  from  peat  and  combine  it  with  animal  excrement,  for  the 
purpose  of  making  an  inodorous  manure. 

In  1849,  M.  Louis  Napoleon  Legras  proposed  to  construct 
water-closets  in  such  a  manner  as  to  separate  and  keep  apart  the 
solid  feces  from  the  liquid.  These  were  afterwards  to  be  deodorized 
and  mixed  with  charcoal  ground  to  a  powder,  or  with  soot. 

Mr.  Henry  James  Tar  ling,  in  1850,  manufactured  manure 
with  night-soil  and  highly  carbonized  refuse  tan  as  the  disinfecting 
material. 

In  June  in  the  same  year,  Paul  D'Angely  deodorized  every 
species  of  excreta  by  using  a  fluid  "  composed  of  fresh  bark,  rue, 
or  wild  mint,  and  sulphate  of  iron ;"  the  fecal  material  was  afterwards 
to  be  dried  in  a  chamber  and  mixed  with  powdered  peat  charcoal. 

In  1850,  James  Hamilton  Brown  disinfected  fecal  and  putrid 
matters  by  the  addition  of  basic  salts,  such  as  subsulphate  of  the 
peroxide  of  iron.  A  solid  disinfecting  agent  or  one  in  a  state  of 
paste  was  to  be  made  by  mixing  "  some  metallic  salts  with  some 
cheap  oleaginous  material."  Chloride  of  calcium  neutralized  by 
gas  liquor  was  to  be  employed  likewise,  or  a  lactiform  liquid 
"  made  by  mixing  oil  with  water  and  some  alkali."  No  carbona- 
ceous matter  appears  to  have  been  added;  but,  in  case  filtration 
were  necessary,  preference  is  given  to  a  filter  formed  of  carbona- 
ceous substances.     It  is   also  stated  that  more  rapid  and  perfect 
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clarification  or  decantation  may  be  effected  by  means  of  any 
compound  of  alumina,  but,  particularly,  "  the  double  sulphate  of 
alumina  and  potash,  or  the  impure  sulphate  of  alumina/^ 

In  1852  Mr.  William  Armand  Gilbee  employed  a  decompos- 
ing powder  composed  of  molasses  or  the  residues  thereof,  slacked 
lime,  sulphate  of  iron  or  zinc  and  clayish  magnesian  earth,  which 
was  to  serve  the  purpose  of  converting  fecal  matters  into  a  manure 
fit  for  agricultural  purposes. 

In  1854,  Mr.  John  Thornton  Herapath  employed  the  coke 
of  Boghead  coal  or  Torbane  mineral,  either  before  or  after  the 
aluminous  ingi-edients  are  abstracted,  for  drying,  deodorizing,  and 
absorbing  urine,  feces,  &c. 

In  October  of  the  same  year  Mr.  William  White  carbonized 
night-soil  or  other  animal  refuse  and  fish  in  a  close  retort,  and 
while  in  a  state  of  incandescence  introduced  a  quantity  of  potash 
or  soda,  then  after  closing  the  mouth  of  the  retort  the  whole  was 
exposed  to  a  bright  red  heat  for  al^out  an  hour.  A  portion  of  the 
carbonaceous  matter  is  said  then  to  combine  with  the  nitrogen  of 
the  atmosphere  which  finds  its  way  into  the  retort,  forming 
cyanogen,  and  this  unites  with  the  base  of  the  alkali  employed. 
The  distillate  is  condensed  in  a  solution  of  common  salt  or  dilute 
acid,  added  to  the  cyanic  compound  in  the  retoi't,  and  the  whole 
afterwards  mixed  wdth  such  substances  as  dried  night-soil,  super- 
phosphate of  lime,  common  salt,  wood-ashes,  dried  blood,  and  soot. 
Disease,  attacks  of  insects,  or  fungi  on  plants,  are  said  to  be 
prevented  by  a  mixture  of  hydrate  of  lime,  sulphate  of  alumina, 
sulphate  of  protoxide  of  ii*on,  sulphate  of  magnesia,  charcoal  pre- 
pared as  above,  biphosphate  of  lime,  and  chloride  of  sodium, 
together  with  the  condensed  volatile  matters,  and  this  is  termed 
the  "  plant  preservative." 

Mr.  Alexander  Macdougall,  in  February,  1856,  proposed  to 
subject  night-soil  and  a  number  of  other  auimal  matters  to  the 
joint  action  of  heat  and  sulphurous  acid,  and  in  July  of  the  same 
year,  Mr.  James  Alexander  Manning  manufactured  a  manure 
or  fertilizing  agent  from  the  waste  of  towns  and  other  localities  by 
subjecting  fecal  matters  from  privies  and  cesspools,  and  all 
animal  excrements,  stale  urine,  also  the  diluted  or  undiluted  urine 
from  public  urinals,  railway  stations,  and  factories,  together  with 
other  kinds  of  refuse,  to  the  action  of  sulphuric  acid  or  to 
distillation. 

Mr.  B  r  i  d  g  e  s  A  d  a  m  s  has,  in  a  recent  number  of  the  "  Engineer,'^ 
discussed  the  possibility  of  dealing  with  the  excrement  of  the 
population  of  London  without  allowing  it  to  pass  into  the  sewers. 
He  considers  that  if  by  a  mechanical  arrangement  of  water-closets, 
the  feces  and  urine  are  collected  apart,  the  latter  may  Ijc  barrelled 
up  and  very  profitably  transported    by  rail  to  agricultural  districts. 

He  estimates  the  annual  quantity  of  urine   at   21,428  tons;  but 
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since  urine  contains  97  per  cent,  of  water  and  only  1  per  cent, 
phosphoric  acid  and  nitrogenous  substance  equivalent  to  only 
0'7  per  cent,  of  ammonia,  it  would  be  necessary  to  use  about  30 
tons  for  the  purpose  of  applying  ^  cwt.  of  ammonia  to  an  acre. 
The  cost  of  carriage  for  this  quantity,  20  miles  beyond  London, 
would  be  about  £2,  whereas  |  cwt.  of  ammonia  can  be  bought  for 
much  less  than  £2,  either  as  sulphate  of  ammonia  or  guano,  and 
the  cost  of  application  to  the  land  would  be  very  considerably  less 
than  that  of  urine. 

To  dispose  of  the  feces,  Mr.  Adams  suggests  removal  by  carts 
from  each  house,  and  considers  that  it  would  be  no  difficult  matter 
to  distil  them  in  gas  retorts,  to  use  the  gas  produced  for  lighting 
and  the  residual  charcoal  as  fael.  But  Mr.  Adams  does  not  offer 
any  suggestion  as  to  means  by  which  (for  this  purpose)  the  feces 
are  to  be  dried  and  deprived  of  their  water,  amounting  to  more 
than  -^  by  weight. 

To  compensate  for  the  purification  by  water,  Mr.  Adams  says 
'^  in  constructing  closets  without  water  the  arrangement  must  be 
such  as  to  separate  the  fluid  from  the  solid  by  a  diaphram.  To 
prevent  gaseous  odour  from  arising  two  processes  may  be  used — 
first,  a  chemical  absorbent,  and,  secondly,  an  inch  or  two  of  fluid 
oil  floating  on  the  surface,  through  which  both  fluid  and  solid  will 
pass,  and  be  thus  hermetically  sealed.  Probably  a  gallon  of  oil 
at  about  three  shillings  would  be  required  once  in  three  months. 
In  a  family  of  twelve  persons,  the  total  solid  produce  in  three 
months  would  be  about  three  feet.  If  made  to  fall  into  a  cast-iron 
retort  built  into  a  furnace,  it  would  take  scarcely  any  trouble,  and 
only  a  few  hours  of  a  night,  once  in  three  months,  to  burn  a  few 
coals  and  utterly  destroy  it,  burning  the  gas  evolved  at  the  same 
time.''^ 

From  this  account  oT  the  various  propositions  that  have  been 
made  for  the  treatment  of  excremental  material  so  as  to  render 
it  of  value  to  the  farmer,  it  will  be  evident  that  the  question  has 
received  considerable  attention  among  practical  men.  With  regard 
to  the  actual  working  of  any  one  of  these  methods,  I  am  not  able 
to  furnish  any  information ;  but  the  merits  of  the  respective  methods 
Avill  readily  be  apparent  to  the  chemist. 

I  will  now  request  your  attention  to  the  actual  quantity  and 
value  of  the  manurial  substances  contained  in  human  excretions. 

From  a  comparison  of  the  results  obtained  by  various  observers, 
Mr.  Lawes  and  Dr.  Gilbert  have  computed  that  the  quantity  of 
fecal  and  urinary  excretions  voided  daily  by  a  single  indiridual, 
contains  on  the  average  two  ounces  of  dry  substance.  Of  this  one- 
fifth  may  be  taken  as  equivalent  to  ammonia,  another  fifth  as 
mineral  substance,  and  the  remaining  three-fifths  as  organic  sub- 
stance.    The  agricultural  value  of  cxeicmental  material  is  therefore 
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to  be  sought  in  the  fths  of  dry  solid^  representing  ammonia  and 
mineral  substances. 

For  the  purpose  of  calculating  the  quantity  of  phosphoric  acid 
in  excremental  material,  I  have  taken  as  a  basis  the  analysis  of  the 
ash  of  feces  and  of  urine,  published  by  INIr.  Way  in  the  Jom'nal  of 
the  Royal  Agricultural  Society.  According  to  those  analyses  the 
average  quantity  excreted  daily  by  each  individual  is  30*4  grains. 

The  quantity  of  potash  calculated  from  the  same  analyses  amounts 
to  21  "7  grains  daily  for  each  individual. 

For  a  population  of  10,000,  therefore,  the  quantity  of  dry  solid 
in  the  excrement  will  amount  to  205  tons,  which  would  have  a 
money  value  of  £3075  sterling.  This  estimate  is  made  upon  the 
assumption  that  the  ammonia  in  excremental  material  is  worth  £70 
per  ton;  the  phosphoric  acid  £56  per  ton,  and  the  potash  £70 
per  ton. 

I  call  attention  to  the  amount  of  these  three  substances  parti- 
cularly, because  there  is  no  question  as  to  their  agricultural  value, 
provided  they  are  to  be  procured  in  an  available  condition.  But 
in  fixing  a  value  upon  manure,  the  relation  between  its  mass  and 
the  amount  of  these  valuable  ingredients,  must  be  taken  into 
consideration. 

In  the  case  of  excremental  material  this  circumstance  seriously 
affects  its  value  as  manure.  Thus,  for  instance,  the  quantity  of 
"^'ater  in  fresh  feces  amounts,  according  to  the  analysis  of 
Berzelius  and  others,  to  upwards  of  70  per  cent,  while  that  in 
urine  amounts  to  93  per  cent. 

This  constitutes  the  chief  obstacle  to  the  profitable  use  of  excre- 
ment for  agricultural  purposes ;  for,  although  the  gross  amount  of 
valuable  substances,  contained  in  the  excrement  even  of  a  small 
population  may  be  veiy  considerable,  the  separation  of  the  large 
amount  of  water  would  be  too  costly  to  admit  of  being  practically 
carried  out,  and  the  admixture  of  absorbent  substances  vrould 
decrease  the  value  per  ton,  while  it  augmented  the  cost  of 
transport. 

However,  under  the  system  of  sewers  which  is  now  general  in 
London,  and  which  prevails  more  or  less  in  most  towns  tlu^oiighout 
this  kingdom,  the  utilization  of  excremental  material  in  this  man- 
ner is  impossible,  on  account  of  the  large  proportion  of  water  with 
which  it  is  blended  in  its  passage  into  the  sewers ;  and  the  profit- 
able use  of  night-soil  as  a  manure,  either  in  the  natural  state  or 
prepared  by  any  of  the  methods  already  described,  will  be  restricted 
to  the  immediate  neighbourhood  of  those  places  where  water-closets 
are  not  in  general  use. 

This  brings  me  to  the  consideration  of  the  more  special  subject 
of  this  discourse,  \t.z.  :  the  utilization  of  toAvn-sewage  for  agi'icul- 
tural  purposes. 

The  chief  element  of  the  raanurial  value  of  town-sewage  is  the 
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excremental  material,  and  this,  in  the  instance  of  London  with  a 
population  of  2,600,000,  amounts  annually  to  53,393  tons  of  dry 
solid,  which,  as  I  have  already  shown,  contains  ingredients  which 
give  it  a  value  of  £15  per  ton  at  least. 

The  quantity  of  ammonia  which  this  contains,  or 

is  capable  of  producing  is       .  ,  .  11,440  tons 

The  phosphoric  acid  ....     1,839     „ 

The  potash  acid    .....     1,331     „ 

These  three  items  make  up  a  money  value  of  about  ^^836,834. 

In  this  estimate  no  account  is  taken  of  the  suspended  particles  of 
animal  substance,  such  as  skin,  hair,  &c.,  which  find  their  way 
into  the  sewers  from  various  sources,  and  which  I  have  myself 
found  to  represent  a  quantity  of  ammonia  nearly  equal  to  0*5  per 
cent,  of  the  dry  solid  residue  obtained  by  eva]iorating  sewage-water. 
In  addition  to  these  substances  I  may  mention  that  the  quantity 
of  soda  (NaO)  calculated  from  the  same  data,  and  originating  from 
excreta  amounts  annvially  to  upwards  of  2000  tons. 

It  may  be  that  materials  of  agricultural  value  pass  into  the 
sewers  of  London,  even  at  the  present  time,  from  other  sources ; 
but  as  this  would  not  be  the  case  when  the  sanitary  arrangements 
of  the  town  shall  have  acquired  a  normal  condition,  no  notice  of 
such  materials  can  be  required  for  my  present  purpose. 

The  circumstances  which  operate  in  the  opposite  direction,  viz. 
reducing  the  value  of  the  sewage  for  agricultural  piu'poses,  consist 
chiefly  in  the  admixtiu-e  of  the  water  consumed  for  household  pur- 
poses, for  some  manufacturing  operations,  and  also  the  rain  falling 
upon  the  area  drained  by  the  sewers. 

The  water  supply  being  very  unequal  in  diflFerent  towns,  the 
sewage  will  be  proportionately  different  in  concentration,  and  pro- 
bably also  in  condition,  since  the  sewage  of  towns,  when  there  is  a 
copious  supply  of  water,  issues  from  the  mouths  of  the  sewers  for 
the  most  part  fresh ;  while  that  of  towns  where  the  water  supply 
is  small,  or  the  construction  of  the  sewers  defective,  is  always  putrid,, 
and  contains  the  greater  part  of  the  nitrogen  in  the  state  of 
ammoniacal  salts. 

In  all  towns  in  Great  Britain  which  are  supplied  by  water  com- 
panies, the  consumption  is  in  round  numbers  from  12  to  50  gallons 
daily  for  each  individual,  inclusive  of  wholesale  consumers.  The 
difference  arises  chiefly  from  the  fact  that  in  many  places  there  are 
neither  water-closets  nor  sewers.  Where  the  consumption  per 
head  is  least,  closets  are  used  only  by  a  few ;  and  where  the  con- 
sum))ti()n  is  high,  closets  are  almost  universal.  As  instances  of 
the  actual  quantities  of  water  supplied  in  different  towns  I  may 
mention — 
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Ashton-under-Lyne 

14           gallons 

Duckinfield"! 
Bury            J 

12  to  14       „ 

Brighton 

20 

Preston 

20 

Edinburgh 

25 

Liverpool 

22 

Manchester    . 

25 

Glasgow 

50 

In  some  towns  in  America  the  supply  reaches  as  much  as  100 
gallons  per  head  daily. 

In  1854,  the  water  supply  of  London  averaged  20  gallons  per 
head  daily ;  at  the  present  time  it  amounts  to  32  gallons  per  head 
daily,  the  total  amount  supplied  by  the  metropolitan  water  com- 
panies being  81  million  gallons  daily ;  in  addition  to  this  81,  about 
11  million  gallons  are  obtained  daily  from  the  deep  wells  for 
brewing  and  other  manufacturing  purposes,  a  considerable  amount 
of  which  ultimately  passes  into  the  sewers.  Then  thei'e  is  the  rain- 
fall which,  on  the  average,  amounts  to  about  25  gallons  per  head 
daily,  so  that  the  total  quantity  of  water  disposed  of  in  Loudon 
amounts  to  167  millions  daily,  or  600,955  million  gallons  yearly. 

Consequently  the  53,393  tons  of  excremental  substance  pro- 
duced in  the  year  will  be  distributed  throughout  a  quantity  of 
water  which  in  round  numbers  may  be  fixed  at  250  million  tons, 
and  one  ton  of  excremental  substance  containing  the  constituents 
that  have  a  money  value  of  c€l5,  will  be  distributed  through  a 
mass  of  liquid  weighing  4682  tons.  Herein  is  the  great  difficulty 
of  dealing  with  the  sewage  for  agricidtural  purposes. 

The  water  itself  will  contain  some  substances  of  value  as 
manure. 

Nitric  acid. 

Organic  substance. 

Alkalies  amounting  on  the  average  to  0'5  grains  KO  in  the  gallon 

and  10     „        NaO 

Among  other  substances  which  are  consumed  in  ordinary  house- 
hold economy,  and  which  furnish  a  constant  supply  of  ingredients 
to  town-sewage,  soap  may  be  mentioned  as  the  most  important. 

In  1851,  the  average  consumption  of  soap  in  Great  Britain  was 
7  lbs.  for  each  person  annually.  This  is  a  much  smaller  proportion 
than  is  consumed  in  some  places.  Thus,  for  instance,  in  Jersey,  the 
consumption  is  found  to  be  at  the  rate  of  13  lbs.  per  head ;  in  the 
Isle  of  Man,  where  the  population  is  less  wealthy  than  in  Jersey, 
the  individual  consumption  is  8|  lbs.  In  Jamaica  it  is  5  lbs.  The 
allowance  to  inmates  of  workhouses  and  prisons  in  this  country  is 
about  10  lbs.  per  head  yearly,  and  assuming  this  to  be  no  more 
than  necessary,  it  has  been  found  that   after  deducting  from  the 
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quantity  made,  the  quantity  exported,  and  also  the  quantity  con- 
sumed by  manufacturers  of  ATOjllen  fabrics,  &c.,  there  remained 
only  sufficient  to  supply  15,790,000  persons  at  this  rate,  and  it  may 
therefore  be  concluded  that  5,000,000  persons  in  Great  Britain  were 
not  in  the  habit  of  usinoj  this  important  necessary  at  all,  or  else 
that  a  larger  number  did  so  very  sparingly.  However,  taking  7  lbs. 
as  the  average  consumption,  this  would  give  for  London  a  total  of 
8705  tons  annually.  The  corresponding  quantity  of  soda  would 
be  609  tons,  and  that  of  fat  5484  tons. — No  agricultural  value 
can  be  assigned  to  either  of  these  ingredients  of  sewage,  but  the 
fact  that  the  quantities  are  present  in  it  is  perhaps  worth  notice. 

The  number  of  methods  that  have  been  proposed  for  obtaining 
manure  from  town-sewage  are  not  by  any  means  so  numerous  as 
those  for  working  excremental  substances.  For  the  present  pnr- 
pose  they  may  be  considered  under  three  heads. 

1st.  Filtration  through  various  media  alone,  and  after  the 
addition  of  chemical  substances. 

2nd.  Precipitation  by  means  of  re-agents. 
3rd.  Irrigation. 

The  method  of  sewage  filtration  through  various  media,  has 
been  urgently  advocated  by  many.  But  it  will  be  at  once  evident 
to  the  chemist  that  the  possible  result  of  such  an  operation  cannot 
be  profitable,  so  far  as  regards  the  separation  of  those  ingredients 
of  sewage  which  constitute  its  chief  manurial  value,  however 
advantageous  it  may  be  in  a  merely  sanitary  point  of  view. 

Even  taking  the  most  favourable  case,  "vdz. :  that  the  excremental 
material  issues  from  the  sewers  undecomposed,  the  fiict  that  the 
principal  part  of  the  ammonia-generating  substances,  namely — the 
urea  and  uric  acid,  are  soluble,  and  that,  the  chief  part  of  the  phos- 
phoric acid  exists  as  phosphate  of  soda  or  potash,  will  show  that 
little  is  to  be  gained  in  this  way.  Moreover  the  enormous  pro- 
portion of  water  which  is  mixed  with  the  valuable  material, 
amounting  in  the  case  of  London  sewage  to  upwards  of  4000  parts, 
is  much  gi-eater  than  ^vould  be  sufficient  for  dissolving  even  the 
phosphate  of  lime;  for,  according  to  Professor  BischotF,  phosphate 
of  lime  is  soluble  in  about  2000  parts  of  water  saturated 
with  carbonic  acid,  and  the  existence  of  carbonic  acid  in  some 
sewage-water,  especially  when  decomposition  has  set  in,  must  be 
very  considerable. 

A  sample  of  the  solid  suspended  substance  of  the  Croydon 
sewage  was  analysed  by  Mr.  Way,  and  the  absolutely  dry  sub- 
stance was  found  to  coutain  only  2-73  per  cent,  phosphoric  acid 
and  nitrogen  equivalent  to  3*94  per  cent,  ammonia. 

Owing  to  complaints  that  have  been  raised  by  landed  proprietors 
in  the  neighbourhood  of  the  river  Colne  of  the  contamination  of 
the  water  by  the  sewage  of  the  town  of  L^xbridge,  a  plan  has 
recently  been  adopted  for  filtering  the  T.^xbridge  sewage  through 
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peat  charcoal,  by  Mr.  Pilbrow  the  en^neer  to  the  Local  Board  of 
Works.  He  uses  alternately  two  filters  consisting  of  troughs  25 
feet  long,  2^  feet  deep,  and  2i  wide,  through  which  the  water  flows 
as  it  issues  fi-om  the  sewers  and  is  then  discharged  into  the  river. 
The  charcoal  remains  serviceable  for  six  weeks  or  thereabouts. 
The  plan  is  said  to  purify  the  water  sufficiently  to  remove  objec- 
tion* ;  it  is  inexpensive,  and  the  spent  charcoal  sells  readily  at  £1 
per  ton. 

In  1851  it  was  proposed  by  Mr.  Richard  Dover  to  add  before 
filtering  the  sewage,  a  mineral  acid  together  with  salts,  and  on 
account  of  their  economical  use,  he  preferred  hydrochloric  acid  as 
the  acid,  and  chloride  of  sodium  (common  salt)  and  protosulphate 
of  irou,  as  the  salts  to  be  employed.  The  filtering  medium  was 
principally  to  be  of  charcoal  or  gypsum ;  but,  if  little  valuable 
matter  for  agricultural  purposes  is  retained  by  the  charcoal  from 
filtering  ordinary  sewage-water  through  it,  still  less  must  result 
from  sewage-water  to  which  acid  has  been  added,  by  reason  of  the 
acid  rendering  soluble  any  insoluble  phosphate  which  might  be 
in  the  fecal  matter,  in  which  state  I  need  scarcely  add  it  must 
inevitably  pass  through  any  of  the  filtering  media  suggested  by 
Mr.  Dover. 

Other  methods  of  filtering  sewagC;  both  pre\'ious  to  and  after 
treatment  with  chemical  substances,  have  been  proposed ;  but  from 
the  general  improbability  of  any  agricultural  advantage  being 
gained  from  such  manipulation  of  sewage,  for  the  ammonia,  the 
potash,  and  the  phosphoric  acid  salts  are  all  little,  if  at  all,  arrested 
by  them,  I  may  pass  them  over  without  further  remark. 

I  now  come  to  speak  of  the  treatment  of  sewage  by  processes 
under  the  second  head,  namely — Precipitation  by  means  of  various 
re-agents.  The  method  which  seems  to  be  the  most  favoured  for 
precipitating  the  solid  material  from  sewage  is  the  one  familiarly 
known  as  the  "  liming  process.^^  I  say  favoured,  because  hitherto 
it  has  been  more  adopted  than  any  other.  This  method  consists 
in  adding  lime,  hydrate  of  lime,  or  milk  of  lime,  to  the  sewage- 
water.  The  lime  in  this  case  seizes  upon  some  of  the  organic  sub- 
stances, and  forms  a  kind  of  network  which,  in  falling  to  the 
bottom,  carries  with  it  whatever  suspended  particles  there  vi^x  be 
in  the  liquid,  leaving  the  water  tolerably  clear.  Unfortunately, 
however,  this  treatment,  though  efficacious  in  separating  some 
substances  that  are  dissolved  in  sewage,  has  no  such  action  upon 
the  ammoniacal  substances,  the  potash  salts,  or  perhaps  to  any 
considerable  extent  upon  the  phosphoric  acid. 

In  confirmation  of  this,  I  may  quote  some  analyses,  in  which  I 
have  perfect  faith,  of  manures  prepared  by  this  method  from 
sewage  at  diiferent  locahties.  ; 

*  This  plan  has  since  been  abandoned  as  insufficient. 
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Analysis  made  by 

Voelcker. 

T.J.Herapath. 

Smith  &  McDougall. 

Calvert. 

Locality  of  Sewage. 

Leicester. 

Cardiff  Gaol. 

Manchester. 

Manchester. 

"Water 

10-52 

4-71 

Organic  Matter 

12-46 

15-91 

22-00 

24-56 

Insoluble  Siliceous  Matter 

13-50 

2-74 

1       9-66 

Sulphate  of  Lime 

1-76 

3-26 

Oxides  of  Iron  and  Alumina. 

2-89 

t     65-16 

Manganese 
Carbonate  of  Lime 

52-99 

— 

Carbonate  of  Magnesia 

3-67 

>     69-28 

Chloride  of  Sodium 

0-45 

Potash 

0-26 

Phosphate  of  Lime 

2-27 

4-10 

1-51 

Phosphoric  Acid 



0-62 

100-77 

100-00 

— 

100-00 

Nitrogen 

0-60 

1-125 

=  Ammonia 

0-72 

1-366 

0-525 

This  was  one  of  the  earliest  processes  and  arose  out  of  an  inven- 
tion by  Dr.  Clark,  of  Aberdeen,  patented  early  in  1841^  for  "a 
new  mode  of  rendering  certain  waters  (the  water  of  the  Thames 
being  among  the  number)  less  impure  and  less  hard  for  the  supply 
and  use  of  manufactories,  villages,  towns,  and  cities.^^ 

Dr.  Clark,  some  time  in  that  year,  was  engaged  at  Manchester 
with  Mr.  John  Graham, in  making  experiments  with  his  process 
at  Mayfield  Print  Works,  and  an  experiment  was  made  upon  the 
Mayfield  return  waters,  which  were  highly  colored  with  madder  and 
soap-liquor.  The  experiment  in  removing  all  colour,  &c.,  being  so 
successful,  led  Mr.  Graham  afterwards  to  adopt  it  at  the  works 
on  the  large  scale.  The  river  Medlock,  which  receives  all  the 
sewage  of  Manchester  was  next  tried,  and  the  process  proving 
successful  upon  this  likewise.  Dr.  Clark  repeated  his  experiments 
and  ascertained  how  much  lime  it  required  to  purify  the  Medlock 
water,  of  the  sewage  it  contained,  and  fixed  it  at  about  1  ton  per 
day.  Dr.  Clark  was  also  in  correspondence  and  had  interviews 
with  the  authorities  of  the  Duke  of  Bridgewater's  Canal  to  purify 
and  sweeten  the  water  before  it  should  enter  the  canal.  I  may 
add,  that  I  do  not  think  that  Dr.  Clark  contemplated  this  action 
when  he  took  out  his  Patent  for  purifying  water ;  yet  it  would 
appear  that  shortly  afterwards  he  accomplished  what  I  have  stated. 

T  may  observe,  that  recently  Dr.  R.  A.  Smith,  Mr.  Macdougall 
and  Mr.  Grace  Calvert  have  examined  into  this  process   with  a 


APPLICATION   OF    SEWAGE   TO    AGRICULTURE.  283 

view  to  its  being  adopted  by  the  authorities  of  Manchester  and 
Salford  in  purifying  the  river  Medlock  and  the  Bridgewater  Canal, 
and  I  think  I  may  say  it  has  received  a  general  recommendation 
from  those  gentlemen  as  a  proper  sanitary  movement ;  but  they 
concur  in  the  opinion  that  the  deposit  cannot  be  considered  as  a 
valualjle  manure.  The  two  former  gentlemen  report  that  they 
"  found  the  smell  of  the  Medlock  water  was  not  entirely  removed 
by  precipitation,  or  if  removed,  that  it  soon  returned. ^^  They  also 
remark  "we  can,  however,  calculate  on  no  receipts  from  products." 

Although  Dr.  Clark's  experiments  in  18^1  were  well-known  to 
many  persons  at  Manchester,  I  should  judge  that  they  were  not 
generally  so,  from  the  fact  that  the  use  of  lime  in  precipitating 
sewage  has  since  been  the  subject  of  several  patents,  the  earliest  of 
which  was  taken  out  by  Mr.  William  Higgs  in  1846,  in  which, 
along  with  several  mechanical  arrangements,  he  includes  hydrate 
of  lime,  commonly  termed  slacked  lime,  to  "  precipitate  the  solid 
mineral  and  vegetable  matters  from  sewage.'^  Mr.  Higgs  pumps 
the  sewage  into  tanks,  where  it  is  limed,  and  the  precipitate  sub- 
siding, the  water  is  drawn  off.  The  precipitate  removed  into 
shallow  canals  and  exposed  to  become  more  dry,  is  afterwards 
moulded  into  bricks  which  are  dried  and  afterwards  broken  up 
into  powder.  Mr.  Higgs  has  furnished  me  with  an  analysis  made 
by  himself  of  the  manure  so  obtained  from  the  sewage-water  of 
Tottenham,  but  the  analysis  is  not  definite  enough  to  put  us  in 
possession  of  the  value  of  the  article  for  agricultural  purposes ;  as 
for  instance,  it  is  stated  to  contain  organic  matter,  rich  in  nitrogen, 
31*60  per  cent.;  phosphates  8*64  per  cent.;  sulphates,  with 
alkaline  bases,  3*87  per  cent. ;  whereas  what  is  really  required  is 
the  nitrogen,  phosphoric  acid,  and  the  potash  of  the  alkaline  bases, 
from  which  alone  can  be  calculated  the  real  money  value  of  a 
manure. 

In  1851,  Mr.  Thomas  Wickstead  proposes  to  manufacture 
manure  from  sewage-waters  by  mixing  them  with  milk  of  lime, 
collecting  the  deposit,  and  submitting  it  to  certain  centrifugal 
drying  machinery ;  works  have  been  erected  at  Leicester  upon  a 
large  scale  to  work  this  process,  under  the  superintendence  of 
Mr.  Wickstead.  The  water  is  precipitated  in  tanks ;  the  analyses 
of  the  manure  I  have  given  before. 

I  may  also  state  that  besides  Tottenham  and  Leicester,  the 
liming  process  has  been  tried  and  adopted  at  several  other  places, 
among  others  at  Croydon,  where  from  its  proximity  to  London, 
and  through  tlie  liberality  of  Mr.  ChoAvn,  the  proprietor  of  the 
Avorks,  for  some  months  back  I  have  had  ample  opportunity,  from 
time  to  time,  of  examining  the  workings  and  the  results  ;  and  as 
the  method  appears  simple,  and  is  capable  of  being  adopted  in  some 
places  with  little  expense,  I  think  it  may  not  be  out  of  place  to 
give  rather  a  full  description  of  the  works. 
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The  sewage  is  brought  to  the  works  by  means  of  4  pipes  at  A. 
Immediately  that  it  issues  from  these  pipes^  slaked  lirae  is  added, 
and  well  mixed  by  a  wheel  driven  by  a  current  of  the  sewage 
water,  it  then  flows  into  the  building  B,  in  which  are  two  sets  of 
beds  C,  each  106  feet  long,  13  broad,  and  2  deep.  These  are  used 
alternate  weeks,  one  being  worked  whilst  the  solid  matter  is 
removed  from  the  other.  In  these  beds,  more  especially  the  first, 
a  large  quantity  of  the  solid  matter  held  in  suspension  and  solution 
is  deposited,  and  the  water  from  the  previous  admixture  of  the 
lime  is  rendered  innoxious.  The  cross  walls  D,  for  intercepting 
the  solid  matter,  are  built  with  apertures  to  about  three  inches  of 
the  level  of  the  water,  so  that  the  solid  matter  precipitated  is  not 
again  disturbed,  and  the  water  flows  without  any  apparent  current, 
and  percolating  through  a  bed  of  stones  E,  which  prevents  the  pos- 
sibility of  the  escape  of  any  paper,  or  other  solid  matter,  except  in 
a  state  of  fine  division.  The  water  then  flows  through  other 
channels,  or  reservoirs,  F  G  H,  where  a  large  quantity  of  the  lighter 
solid  matter  is  precipitated,  and  the  water  discharged  in  a  tolerably 
pure  state  at  I  K  L.  The  reservoir  F  is  104  feet  long  and  23  wide. 
G  is  30  feet  in  width;  the  cross  walls  on  these  beds  are  constructed 
on  the  same  principle  as  those  in  the  building,  and  the  time  occu- 
pied by  the  passage  of  the  water  from  A  to  I  and  K  is  about  1^ 
hours.  The  reservoirs  marked  H  have  been  recently  constructed 
and  on  another  principle,  the  walls  being  perforated  only  at 
each  alternate  end,  consequently  the  water  is  retained  for  a  much 
longer  period  (3  houi's  being  occupied  in  its  passage  from  A  to  L), 
and  is  discharged  in  a  much  purer  state  than  at  I  and  K,  proving 
that  the  increased  transparency  of  the  water  is  in  ratio  to  the 
increased  area  of  reservoirs  and  decreased  speed  of  the  current. 

The  solid  matter  deposited  in  the  beds  C  averages  about  14  or 
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IG  tons  a-week  :  this  is  conveyed  to  tlie  well,  and  by  means  of  a 
Jacob's  ladder  lifted  to  a  lead-lined  machine,  where  by  the  mixture 
of  other  materials,  a  valuable  and  remunerative  manure  is  said  to 
be  obtained. 

In  1852  Mr.  Henry  Stotliert  proposed  to  precipitate  "  the 
more  substantive  parts  of  sewage  water"  by  a  "  combination  of 
compound  animal  and  vegetable  charcoal"  with  fresh  caustic  lime, 
or  sulphate  of  alumina  or  sulphate  of  zinc  ;  the  charcoal  might  be 
obtained  by  distilling  the  precipitated  sewage  matters  or  night-soil, 
&c.  Again,  in  1854,  Mr.  Wick  stead  proposes  to  use  lime  and 
finely  divided  charcoal ;  these  are  to  be  mixed  up  with  water,  and 
to  flow  into  the  sewage  in  a  stream. 

The  moist  precipitate  from  sewage-water  obtained  by  the  liming 
process  has  always  an  unpleasant  odour,  which,  in  most  cases,  is 
removed  by  the  admixture  of  a  small  quantity  of  charcoal,  or  some 
carbonaceous  matter,  or  residue  from  a  process.  Whether  it  was 
to  obviate  the  necessity  of  this,  after  mixing  with  charcoal  to 
deodorize  the  sewage  precipitate,  that  these  processes  were  sug- 
gested, I  cannot  say :  but  some  persons  have  inferred,  that  as  dry 
charcoal  has  the  power  of  absorbing  and  retaining  gases  and 
amongst  these  ammonia,  so  should  it  take  the  ammonia  in  the 
sewage-water,  and  this  reasoning  may,  perhaps,  have  been  the  cause 
of  the  suggestion ;  it  has,  however,  been  ascertained  by  actual 
experiment,  that  charcoal  has  no  power  whatever  upon  solutions  of 
ammonia  or  its  salts;  and  no  portion  of  them  is  retained  by 
filtering  through  any  thickness  of  charcoal. 

A  process  has  recently  been  tried  in  Edinburgh,  and  one  or  two 
other  towns  in  Scotland,  upon  rather  a  large  scale,  under  the 
superintendence  of  Mr.  James  Alexander  Manning;  but  the 
whole  of  the  sewage  of  any  one  town  has  not,  that  I  am  aware  of, 
been  practically  worked  by  it.  Mr.  Manning,  in  1853,  proposed 
to  "  defecate  and  separate  certain  matters  from  sewage"  by  em- 
ploying animal  charcoal,  alum,  and  carbonate  of  soda  and  gypsum; 
he  found,  however,  that  alum  was  too  expensive,  and  proposed,  in 
1851,  using  the  "  soft  sludge,"  a  refuse  from  alum-works,  instead 
of  the  alum.  Mr.  Manning  suggests  emplojdng  two  circular 
tanks  to  be  used  alternately,  and  capable  of  holding  100,000  gallons 
each.  Along  with  this  quantity  of  sewage-water  is  put  800  lbs 
''  alum  sludge,"  some  milk  of  lime  and  "  waste  animal  charcoal," 
the  whole  agitated  for  about  five  minutes,  and  allowed  to  subside ; 
when  the  water  is  run  off,  Mr.  Manning  says  the  subsidence  of 
the  precipitate  is  so  rapid  that  the  mixing  and  precipitating  will 
all  be  accomplished  in  the  time  it  would  take  to  fill  the  second 
tank.  The  same  materials  are  said  to  serve  for  three  more  opera- 
tions upon  the  same  quantity  of  water.  Mr.  Manning  has 
favoured  me  with  the  analysis  of  two  distinct  operations  upon  the 
sewage  of  Edinburgh,  made  by  Dr.  Penny,  of  Glasgow: 
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Organic  matter 
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50-00 

Phosphates 
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Silica       .         .         .         . 
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Alumina 
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— 

Omitted  in  analysis 

— 

4-67 

100-00    10000 
Ammonia       .'        .         .       1-50         295 

The  results  are  given  upon  the  material  perfectly  dried,  which 
would  not  be  the  case  in  practice,  for  artificial  manures  all  contain 
from  about  10  to  20  per  cent,  or  even  more  of  uncombined  water, 
which  they  lose  at  212°F.  If  we  take  into  consideration  this 
water,  the  first  material  does  not  appear  to  be  very  distinct  from 
the  results  obtained  with  lime  upon  sewage-water;  the  second 
material,  however,  is  considerably  different.  An  extraordinary 
addition  in  working  the  process  of  "•  waste  animal  charcoal/'  as 
Mr.  Manning  terms  it,  but  which  is  a  substance  of  high  money 
value  in  the  market,  might  account  for  the  very  great  increase  of 
phosphates  over  the  first ;  but  the  increase  of  ammonia  I  cannot 
account  for  in  any  way.  In  the  event  of  the  alum  sludge  becoming 
a  scarce  commodity,  Mr.  Manning  proposes  to  manufacture  it, 
and  thinks  he  can  do  so,  at  a  cost  not  exceeding  5s.  per  ton  exclu- 
sive of  carriage. 

But  although  I  have  called  attention  to  the  large  amount  of  phos- 
phates and  ammonia  in  the  second  material  furnished  by  this 
process,  and  they  are  greater  than  I  have  hitherto  observed  in  any 
precipitated  sewage,  I  need  scarcely  say  that  they  form  but  a  very 
small  item  of  what  passes  away  in  the  water  from  the  process. 

Before  leaving  this  part  of  the  subject,  I  would  ask  you  to  con- 
sider the  several  processes  for  treating  excreta  and  sewage,  which 
I  have  brought  before  you  this  evening,  and  to  call  your  attention 
to  the  great  similarity  which  exists  between  many  of  them.  This 
may,  I  think,  in  a  great  measure  be  accounted  for  from  the  cir- 
cumstance that  until  recently  there  was  a  great  difficulty  in  ascer- 
taining what  inventions  had  been  made  the  subject  of  patents. 
But  now  that  all  the  specifications  of  patents  are  being  printed, 
together  with  classified  indices,  and  abridgments  of  specifications 
relating  to  particular  subjects,  by  the  Commissioners  of  Patents, 
under  the  superintendence  of  Mr.  Woodcroft,  it  is  to  be  hoped 
that  in  future  there  Avill  be  less  needless  expenditure  of  time, 
money,  and  labour,  by  the   inventor,  and  that   before  he  enters 
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upon  a  field  of  discovery,  he  may  study  for  himself  what  has 
already  been  done  by  those  who  have  preceded  him  in  the  subject 
he  has  under  contemplation. 

I  come  now  to  consider  the  subject  of  irrigation,  and  shall  do 
so  as  shortly  as  possible. 

It  would  be  needless  to  speculate  upon  the  origin  of  irrigation 
by  water  alone.  In  Egypt,  Persia,  and  China  it  was  long  practised 
before  it  found  its  way  into  the  more  Western  nations,  and  to  us. 
The  earliest  notice  which  I  have  observed  in  this  country  of  the 
value  of  water  for  irrigating  land,  is  to  be  found  in  the  work  upon 
Natural  Histor}',  written  by  the  great  Lord  Bacon,  nearly  two 
and  a  half  centuries  ago.  He  there  observes  that  there  are  two 
ways  of  accomplishing  this  ;  the  one  is  "  by  letting  in  and  shutting 
out  water  at  some  seasons,^^  and  this  serves  only  for  meadows 
which  are  along  some  river,  and  the  other  is  "  to  bring  water 
from  some  hanging  grounds  where  there  are  springs,  into  the  lower 
grounds.'^  Lord  Bacon  observes  that  ''it  maketh  an  excellent 
improvement  both  for  corn  and  grass,  and  it  is  the  richer  if  those 
hanging  grounds  be  fruitful,  because  it  washeth  off  some  of  the 
fatness  of  the  earth ;  but,  however,"  he  observes,  "  it  profiteth 
much." 

At  this  time  the  luxury  of  water-closets  was  unknown,  and  the 
fecal  matter  of  the  population  w^as  not  cai'ried  into  sewers,  but 
collected  in  cesspools,  whence  it  was  periodically  removed  and  used 
for  agricultural  purposes.  The  introduction  of  water-closets,  how- 
ever, quite  altered  this  state  of  things,  and  led  to  a  very  much 
greater  amount  of  water  being  required  by  each  individual,  and  the 
formation  of  sewers  to  carry  it  awaj^ ;  generally  if  a  river  passed  near 
or  through  a  town,  the  sewage  was  carried  into  it,  or  if  near  to  the  sea 
it  was  discharged  on  the  shore.  This  state  of  things  generally  prevails 
throughout  this  country  at  the  present  time,  in  most  towns;  and 
when  sewers  were  first  originated,  and  for  some  time  afterwards, 
was  universal ;  but  from  observing  the  beneficial  effects  of  water 
alone  in  fructifying  the  land,  or  receiving  perhaps  a  hint  from  some 
of  our  foreign  neighbours,  who,  I  believe  are,  and  were  ahead  of 
us  in  these  matters,  it  was  suggested  by  some  of  the  more  intel- 
ligent persons  of  the  community,  that  the  sewage-water  might  be 
employed  beneficially  for  irrigating  land.  1  do  not  exactly  know 
when  or  -where  it  was  first  tried  ;  but  early  in  this  century  it  was 
adopted  in  several  places  throughout  the  kingdom,  especially  in 
those  favourably  situated  for  its  distribution,  and  free  from 
engineering  ditficulties.  Of  course  the  benefits  which  have  arisen  in 
each  instance  are  not  equal,  and  depend  much  on  the  absorptive 
powers  of  the  soil.  The  quantity  of  sewage-water  which  some  soils 
— sandy  soils  for  instance — will  absorb,  and  beneficially  too,  is 
beyond  calculation  great :  whereas  the  quantity  wliicli  a  heavy 
clay  soil  will  filter  is  comparatively  very  small,  and  hence  arises 
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the  difl&culty  in  distributing  in  this  way  the  sewage  of  a  large  town, 
and  it  is  wrong,  without  a  thorough  geological  and  personal  in- 
spection of  a  country,  to  declare  that  the  sewage  must  have  a 
certain  area  of  space  for  its  distribution  upon  it. 

You  are  aware  that  around  Edinburgh,  and  many  other  towns, 
some  of  the  meadow  lands  are  manured  by  sewage-water,  and  yield 
large  crops  of  grass,  often  as  much  as  seven  crops  in  the  year.  The 
average  rent  per  annum  of  these  meadow-lands  round  Edinburgh 
is  j€20  per  acre.  I  could  instance  to  you  many  cases  where  land, 
comparatively  speaking  valueless,  has  been  made  highly  valuable 
by  sewage  irrigation ;  but  I  will  only  select  one  from  the  number, 
as  being  very  striking,  but  too  much  so  to  allow  it  to  be  considered 
as  a  type  of  the  whole. 

The  sands  between  Portobello  and  Leith,  near  Edinburgh,  which 
were  previously  waste  sand  and  of  little  value,  growing  only  a 
few  ivhins  and  rank  grass  here  and  there,  were  irrigated  about  the 
vear  1819,  with  sewage-water  from  Edinbiu'gh.  After  the  first 
year  of  that  treatment  they  bore  a  fair  crop  of  grass,  and  have 
since  borne  four  or  five  crops  annually,  and  bring  in  a  rent  of  from 
j613  to  £22  per  acre.  I  bcHeve  the  extent  of  the  lands  is  about 
thirty  acres,  and  they  were  laid  out  for  irrigation  at  a  cost  of  about 
£800.  Previous  to  this  very  remarkable  result  of  the  value  of 
sewage-water  the  lands  between  Edinburgh  and  Portobello  had 
been  watered  in  the  same  manner,  and  produced  great  crops;  but 
here  an  absolutely  barren  sea-sand  was  converted  into  most 
valuable  property. 

In  concluding  this  subject,  I  cannot  but  remark  that,  by  no 
process  of  chemistry  at  present  existing,  can  we  obtain  a  highly 
valuable  solid  manure  from  town  sewage  alone ;  and  every  day  the 
matter  gets  more  and  more  complicated  from  the  fact,  that  it  is 
the  natural  tendency  of  the  population  of  this  and  all  civilized 
countries  to  have  an  increased  supply  ot  water.  In  New  York  one 
hundred  gallons  per  head  of  population  per  diem  is  the  present 
supply.  Still  I  have,  I  think,  demonstrated,  and  without  exag- 
geration, that  the  money  value  of  the  manuring  matter  alone  in 
the  London  sewage  is  £836,834  annually ;  and  in  other  towns, 
according  to  population,  it  may  be  taken  as  proportionally 
valuable.  I  have  also  given  you  a  statement  of  the  value  of  irriga- 
tion by  sewage,  which  I  believe  has  been  successful  in  nearly  every 
instance  in  which  it  has  been  tried.  And  I  think  that  if  before 
allowing  a  valuable  article,  away  from  any  town,  to  run  to  waste, 
the  case  were  submitted  to  a  combination  of  engineering,  geological, 
agricultural,  and  chemical  skill,  a  portion,  if  not  in  some  instances 
the  whole,  miglit  be  saved. 
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XXVIII. —  On  Algodonite,  a  New  Mineral  containing  Arsenic  and 

Copper. 

By  F.  Field,  F.C.S. 

In  a  paper  publislied  by  Dr.  Blyth  in  the  "  Quarterly  Journal  of 
the  Chemical  Society/'  vol.  i.  page  213^  he  gives  a  long  account  of 
the  mineral  Condurrite,  originally  found  in  the  Condurron  Mine, 
Cornwall,  and  first  analysed  by  Mr.  Faraday  in  the  year  1827. 
This  mineral  consists  of 


Water      .     .     . 

.       8-987 

Arsenious  acid  . 

.     25-944 

Copper     .     .     . 

.     60-498 

Sulphur  .     .     . 

.       3-064 

Arsenic    .     .     . 

'  j-    1-507 

Iron    .... 

100-000 


Faraday  supposed  that  the  substance  was  a  mechanical  mixture, 
and  the  examination  of  other  specimens  by  Blyth,  caused  him 
to  entertain  the  same  opinion.     The  formula  deduced  by  Kobe  11 

u 
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from  the  analyses  of  Faraday  is  6CUO.ASO3  +  4110,  in  whicli 
the  copper  and  arsenic  bear  the  following  proportions  per  cent. 

Copper      ....     70-11 
Arsenic      ....     29'88 

And  from  the  analyses  of  nine  samples  by  Blyth,  he  obtained  as 
a  mean. 

Copper      ....     71-15 

Arsenic      ....     28-84 

which  quantities  correspond  to  an  arsenide  containing  six  equiva- 
lents of  copper  to  one  of  arsenic. 

Condurrite,  then,  appears  to  be  an  arsenite  of  copper,  6CuO.  AsOg, 
which  has  been  derived  from  the  oxidation  or  weathering,  as  it  is 
termed,  of  the  arsenide  CugAs.  M.  Domeyko  has  analysed 
several  specimens,  both  from  the  provinces  of  Copiapo  and 
Coquimbo,  in  Chili,  one  of  which  gave : 


Copper      .     .     .     .     71-64 
Arsenic      .     .     .     .     28-36 


and  another 


Copper 
Arsenic 
Sulphur 
Iron 


70-70 

23-29 

3-87 

0-52 


A  specimen  of  great  brilliancy  and  purity  obtained  from  the 
3rdilleras  of  Copiapo,  afforded  me  : 


Copper      ....     71-56 
Arsenic      ....     28-44 


and  a  second  from  Coquimbo,  extracted  from  a  mass  weighing 
several  pounds : 

Copper       ....     71-48 
Arsenic      ....     28-26 

leaving  no  doubt  that  the  formula  is  CugAs.     There  is,  however, 
another  compound  of  these  two  elements. 
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In  a  small  vein  in  the  silver  mine  of  Algodones,  Coquimbo, 
there  have  lately  been  extracted  small  lumps  of  a  white  metallic 
substance,  supposed  by  the  owners  of  the  mine  to  be  native  silver, 
but  which,  on  examination,  proved  to  contain  but  little  of  that 
metal,  and  to  consist  essentially  of  copper  and  arsenic.  The 
physical  appearance,  and  much  higher  specific  gravity  (6*902),  at 
once  led  me  to  infer  that  the  composition  was  very  difi'erent  from 
that  of  the  Domeykite  CugAs,  and  an  analysis  was  therefore  com- 
menced. The  mineral  was  coated  with  red  oxide  of  copper,  CU2O, 
and  the  matrix  consisted  of  carbonate  of  lime.  On  removing  the 
foreign  matters  from  the  surface,  which  was  accomplished  with 
diflficulty  after  much  filing  and  scraping,  the  interior  mass  pre- 
sented a  brilliant  silver-white  aspect,  with  a  strong  granular 
fracture,  also  white,  but  quickly  tarnishing  on  exposure  to  the  air. 
The  mineral  was  quite  soluble  in  dilute  nitric  acid,  and  gave  a 
precipitate  of  chloride  of  silver  on  the  introduction  of  hydrochloric 
acid  into  the  solution.  After  the  separation  of  silver  by  this 
means,  the  following  percentages  of  copper  were  obtamed  : 

I,  n.  m.  IV.  V.  Mean. 

83-24       8312       8340       8336       83-41       8330 

The  copper  in  each  case  was  precipitated  from  its  solution  in  weak 
nitric  acid  by  sulphide  of  hydrogen,  and  separated  from  the 
sulphide  of  arsenic  by  sulphide  of  potassium.  The  following 
numbers  show  the  percentage  of  arsenic  : 

I,  n.  ni.  IV.  V.  Mean. 

16-21       1608       16-41       16-24       16-20       16'23 

In  three  estimations  of  silver,  the  following  percentages  were 
obtained : 

I.  n.  ni.  Mean. 

0-33  0-30  0-31  0-31 

We  have,  therefore,  for  the  composition  of  this  mineral : 

Copper  ....  83*30 
Arsenic  ....  16*23 
Silver 0*31 

99*84 

u  2 
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Now  CujjAs  (in  which  the  copper  is  exactly  double  of  that  in 
the  specimens  formerly  examined)  contains 

Copper 83-66 

Arsenic      ....     16*34 

We  may  therefore  conclude  that  the  mineral  under  consideration 
is  a  compound  of  twelve  atoms  of  copper  to  one  of  arsenic,  con- 
taining besides  a  small  quantity  of  silver.  I  have  proposed  the 
name  algodonite  for  this  mineral,  from  the  mine  Algodones  from 
which  it  was  first  obtained,  believing  it  to  be  new  in  mineral ogical 
science.  Specimens  have  been  forwarded  by  me  for  the  acceptance 
of  the  Museum  of  the  Chemical  Society,  to  the  care  of  Dr. 
Hofmann. 


XXIX. — Volumetric  Estimation  of  Atmospheric  Carbonic  Acid. 
By  Dr.  M.  Pettenkofer. 

To  determine  the  quantity  of  carbonic  acid  in  the  air,  from  3 
to  3^  litres  of  air  are  generally  sufficient.  A  bottle  of  Avhite  glass 
is  selected,  containing  about  that  quantity,  and  its  capacity  exactly 
determined,  which  is  best  effected  by  filling  it  to  the  brim  with 
water,  and  ascertaining  the  quantity  of  the  water  by  weight  or 
measurement.  The  cubic  content  of  the  bottle  is  marked  upon  it 
with  the  diamond,  and  the  number  of  cubic  centimeters  thas 
inscribed  on  a  number  of  bottles  used  in  a  series  of  determinations, 
may  serve  to  distinguish  them  one  from  the  other,  inasmuch  as, 
even  among  a  large  number  of  bottles,  it  will  rarely  happen  that 
two  have  exactly  the  same  capacity.  Each  bottle,  before  being 
used  in  the  carbonic  acid  determinations,  must  be  perfectly  clean 
and  dry  on  the  inner  surface. 

To  fill  a  bottle  Avith  the  air  to  be  examined,  that  of  a  room  for 
example,  it  is  best  to  use  a  small  pair  of  bellows,  which,  instead  of 
drawing  in  the  air  dii-ectly  through  the  valve,  inhales  it  through  a 
tube  of  the  same  diameter  as  the  valve,  and  attached  to  it.  The 
mouth  of  the  tube  is  directed  successively  to  all  parts  of  the  space 
from  which  the  air  is  to  be  taken.     From  the  bellows  the  air  is 
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driven  through  a  glass  tube,  which  must  not  be  too  narrow,  to  the 
bottom  of  the  bottle,  this  tube  being  attached  by  means  of  a 
caoutchouc  tube  to  the  nozzle.  If  the  volume  of  air  impelled  by 
one  movement  of  the  bellows  be  approximately  known,  it  is  easy 
to  calculate  how  many  times  the  bellows  must  be  worked,  in  order 
to  ensure  that  the  air  in  the  bottle  is  completely  replaced  by  that 
which  is  to  be  examined. 


The  bottle  is  then  closed  by  a  caoutchouc  cap,  haAong  two 
tubular  openings  for  the  introduction  of  tubes.  In  the  chemical 
laboratories  of  Germany,  these  caps  are  now  almost  exclusively 
used  instead  of  perforated  corks.  One  opening  of  the  cap  is 
closed  with  a  round  glass  rod,  and  the  other  with  a  kind  of  funnel- 
tube,  which  enters  the  vessel  to  the  depth  of  about  two  inches. 
This  upper  part  of  the  funnel-tube  is  a  Avider  tube,  which  can  be 
closed  vriih  a  cork. 

Thirty  cubic  centimeters  of  clear  lime-water  are  next  intro- 
duced into  the  bottle  through  the  funnel-tube  from  a  pipette 
graduated  for  the  purpose ;  the  funnel-tube  is  closed  with  a  cork, 
and  the  other  opening  of  the  cap  -with  the  glass  rod ;  and  obser- 
vations are  made  of  the  temperature  of  the  air  and  the  height  of 
the  barometer.  The  volume  of  air  is  equal  to  the  capacity  of  the 
bottle  minus  the  quantity  of  lime-water  introduced  (30  cub.  cent, 
are  generally  sufficient),  and  may  therefore  be  easily  and  exactly 
reduced  to  0°  C.  and  760  mm. 

The  bottle  is  now  to  be  held  between  the  two  hands  in  a  nearly 
horizontal  position,  and  the  lime-water  moved  about  in  it  so  as  to 
wet  the  greater  part  of  the  surface.     When  this  agitation  has  been 
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continued  for  eight  or  ten  minutes,  v^e  may  be  pretty  sure  that  the 
absorption  is  complete,  provided  always  that  the  lime-water  is  in 
excess. 

The  next  operation  is  the  saturation  of  the  free  lime  with  a 
known  quantity  of  acid.  For  this  purpose,  any  dilute  acid  which 
is  not  volatile  at  ordinary  temperatures,  may  be  used.  I  have 
hitherto  used  oxalic  acid,  the  employment  of  which  is  attended 
with  only  one  inconvenience,  viz.,  that  it  often  turns  mouldy  when 
kept  too  long.  It  is  best  to  make  the  oxalic  acid  solution  of  such 
a  degree  of  dilution  that  1  cubic  centimeter  of  it  corresponds  to 
1  milligram  of  lime  (CaO).  This  degree  of  dilution  is  easily 
attained  by  placing  a  quantity  of  pure  crystallized  oxalic  acid  in 
the  exsiccator  over  sulphuric  acid  for  a  few  hours,  and  then 
dissolving  2"25  grammes  of  it  in  a  liter  of  distilled  water  at  15°  C. 
To  ensui'c  accuracy,  the  strength  of  the  solution  should  be  tested 
by  precipitating  the  oxalic  acid,  and  the  proper  quantity  of  oxalic 
acid  or  of  water  added,  if  necessary;  but  if  the  proportions  just 
mentioned  be  carefully  observed,  no  correction  will  be  necessary. 

With  this  solution,  the  quantity  of  caustic  lime  in  any  given 
sample  of  lime-water  is  easily  determined.  The  lime-water  for 
these  determinations  is  prepared  by  drenching  slaked  lime  several 
times  with  water,  and  rejecting  the  first  decantations  in  order  to 
get  rid  of  the  alkalies  which  lime  generally  contains.  The 
accuracy  of  the  process  is  not  however  vitiated  by  a  small  quantity 
of  alkali  in  the  lime-water,  since  the  oxalates  of  potash  and  soda 
are  neutral,  and  it  makes  no  difference  whether  a  given  quantity 
of  oxalic  acid  is  saturated  by  lime  or  by  an  equivalent  quantity  of 
potash  or  soda.  The  clear  lime-water  is  best  kept  in  bottles  of 
300  to  400  cubic  centimeters'  capacity,  and  having  mouths  wide 
enough  to  admit  a  pipette  capable  of  withdrawing  30  cubic  centi- 
meters of  liquid.  These  bottles  are  filled  as  completely  as  possible, 
and  well  corked. 

In  making  an  estimation  of  carbonic  acid,  the  first  thing  to  be 
done  is  to  determine  the  strength  of  the  lime-water  which  is  to  be 
used.  For  this  purpose  30  cubic  centimeters  of  the  lime-water 
are  introduced  by  means  of  a  pipette  into  a  flask,  whose  capacity 
is  about  100  cub.  cent.,  and  the  normal  solution  of  oxalic  acid 
added  from  a  Mohr's  burette,  till  a  drop  of  the  liquid  placed  upon 
tm-meric  paper  no  longer  turns  it  brown.  The  exactness  of  the 
method  depends  mainly  upon  the  nicety  with  which  this  neutral 
point  can  be   ascertained.      I  have  found    turmeric   paper  more 
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delicate  for  tliis  piii-pose  than  any  other  reagent,  reddened  litmus 
paper,  for  example.  To  obtain  the  greatest  amount  of  delicacy,  it 
is  not  sufficient  to  immerse  a  strip  of  turmeric  paper  in  the  liquid, 
or  to  touch  it  with  a  glass  rod  dipped  in  the  liquid;  an  entire 
drop  of  the  liquid  must  be  let  fall  on  a  rather  broad  strip  of  the 
paper  by  means  of  a  glass  rod  or  tube.  The  part  of  the  paper  not 
wetted  by  the  drop  then  absorbs  the  liquid  rapidly  round  the 
whole  circumference  of  the  drop,  and  in  this  manner  the  alkaline 
reaction  round  the  drop  is  greatly  intensified.  It  often  happens, 
indeed,  that  a  drop  of  liquid  thus  let  fall  on  the  paper  exhibits 
very  distinct  brown  edges,  when  a  strip  of  paper  immersed  in  the 
liquid  shows  no  alkaline  reaction  whatever.  As  soon  as  the  brown 
edge  round  the  drop  disappears,  the  liquid  is  no  longer  alkaline. 
The  turmeric  paper  is  so  delicate,  that  the  addition  of  four  or  six 
drops  of  hme-water  to  the  neutralized  liquid  is  sufficient  to  repro- 
duce the  alkaline  reaction. 

The  quantity  of  oxalic  used  gives  directly  the  amount  of  lime 
in  the  lime-water,  inasmuch  as  a  cubic  centimeter  of  the  oxalic 
acid  solution  saturates  exactly  one  milligram  of  lime.  Of  the 
lime-water  used  in  my  experiments,  30  cubic  centimeters  required 
from  34  to  38  cub.  cent,  of  the  oxaUc  acid  solution,  within  which 
limits  the  strength  of  the  lime-water  prepared  as  above  described 
will  generally  fall.  In  a  well  corked  bottle  containing  but  a  small 
quantity  of  air,  the  strength  of  the  lime-water  does  not  vary 
perceptibly  in  the  course  of  several  days.  Even  when  a  bottle 
holding  about  300  cubic  centimeters  is  half  empty,  samples  taken 
at  intervals  of  24  hours  scarcely  exhibit  any  difference  if  the 
bottle  is  well  corked. 

Lastly,  to  find  how  much  lime  has  been  saturated  by  the  car- 
bonic acid  contained  in  the  air,  the  lime-water  in  the  bottle  m 
which  it  has  been  shaken  up  with  the  air,  is  neutralised  with  the 
solution  of  oxahc  acid.  To  avoid  overstepping  the  point  of 
neutralisation,  small  strips  of  turmeric  paper  are  used,  fastened  by 
a  small  clamp  at  the  end  of  a  stick,  which  is  of  such  thickness 
as  to  pass  readily  through  one  of  the  apertures  of  the  caoutchouc 
cap,  and  long  enough  to  reach  the  bottom  of  the  bottle.  As  soon 
as  an  immersed  strip  of  turmeric  paper  is  no  longer  distinctly 
browned,  it  is  necessary,  after  each  addition  of  acid,  to  take  out  a 
small  portion  of  the  liquid  with  a  glass  tube,  and  let  a  drop  of  it 
fall  upon  the  turmeric  paper;  the  remaining  portion  is  then  returned 
to  the  bottle.  The  gradual  addition  of  the  oxalic  acid  is  continued 
tiU  the  drops  no  longer  exhibit  any  alkaline  reaction.     As  smaU 
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quantities  of  the  lime-water  adhere  to  the  sides  of  the  bottle,  it 
is  necessary,  after  each  addition  of  acid,  especially  towards  the 
end  of  the  operation,  to  agitate  the  liquid  in  the  bottle  in  the 
same  manner  as  at  the  beginning  of  the  process,  to  promote  the 
absorption  of  the  carbonic  acid. 

If  the  quantity  of  carbonic  acid  in  the  air  is  so  great  that  only 
a  small  quantity  (from  2  to  4  cub.  cent.)  of  oxalic  acid  is  required 
to  saturate  the  lime,  the  experiment  must  be  repeated,  and  about 
45  cub.  cent,  of  lime-water,  instead  of  30,  introduced  into  the 
bottle  at  the  beginning  of  the  process,  in  order  that  at  least 
10  or  15  milligrams  of  lime  may  be  left  in  excess;  because  an 
aqueous  solution  which  is  but  very  slightly  alkaline,  absorbs 
carbonic  acid  but  slowly,  and  sometimes  imperfectly.  In  all  cases 
it  is  advisable  to  fill  two  bottles  with  the  same  air,  and  examine 
the  air  in  both.  When  once  the  quantity  of  oxahc  acid  required 
for  the  first  bottle  is  known,  the  saturation  of  the  liquid  in  the 
second  may  be  performed  with  greater  accuracy. 

The  method  here  described  is  as  exact  as  any  others  which  are 
in  use,  and  possesses  the  advantage  of  being  very  quickly  per- 
formed, so  that  it  enables  us  to  determine  the  amount  of  carbonic 
acid  in  the  air  at  any  given  time  and  from  any  particular  part  of 
a  given  space.  The  determination  of  the  carbonic  acid  in  the  air 
by  weighing,  for  which  a  considerable  volume  of  air  must  be 
drawn  in  by  an  aspirator,  and  deprived  of  its  water  and  carbonic 
acid,  gives  only  the  medium  quantity  of  carbonic  acid  in  the  air 
during  a  considerable  interval  of  time ;  and,  according  to  my 
experience,  is  not  well  adapted  to  researches  on  ventilation  in 
inhabited  apartments.  But  by  the  method  just  described,  when 
eveiy  thing  is  well  prepared  and  a  proper  number  of  dry  bottles 
and  caoutchouc  caps  are  at  hand,  samples  of  air  may  be  collected 
and  examined  at  intervals  as  short  as  may  be  desired.  After  a 
little  practice,  an  experiment  (not  reckoning  the  time  required  for 
the  subsequent  calculations)  may  be  made  in  20  minutes. 

It  was  important  to  ascertain,  whether,  when  the  proportion  of 
carbonic  acid  in  the  air  is  small,  a  volume  of  air  not  exceeding 
3|  liters  is  sufficient  to  ensure  a  due  degree  of  accuracy.  I  there- 
fore made  two  comparative  experiments,  in  which  bottles  were  used 
containing  3  and  15  liters.  The  results  obtained  with  the  air  of  a 
dwelling-room  were  as  follows : 

{a.)     Contents  of  the  bottle  3425  cub.  cent. 
Temperature  of  the  air,  18°  C. 
Barometer,  718  mm. 
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The  air  was  shaken  up  with  30  cub.  cent,  of  lime-water  contain- 
ing 35 "7  milligrams  of  lime. 

After  the  absorption  of  the  carbonic  acid^  the  lime-water  still 
required  for  its  saturation  31  cub.  cent,  of  oxalic  acid.  Conse- 
quently 4-7  milligrams  of  lime  were  saturated  by  CO2,  which 
corresponds  to  3-7  milligr.  CO2,  or  1-861,  cub.  cent.  CO2  at  0°C. 
and  760  mm.  Bar. ;  and  on  reducing  the  volume  of  air  in  the 
bottle,  after  deducting  30  cub.  cent,  for  the  lime-water,  to  the 
normal  pressure  and  temperature,  the  amount  of  carbonic  acid 
in  the  air  is  found  to  be  0"061  per  cent. 

(b.)  Capacity  of  bottle,  15115  cub.  cent.  Temperature,  height 
of  barometer,  and  strength  of  lime-water  the  same  as  in  experi- 
ment a.  Into  the  bottle  were  introduced  130  cub.  cent,  of  lime- 
water  containing  154--7  milligr.  of  lime.  After  absorption  of  car- 
bonic acid,  133  cub.  cent,  of  the  oxalic  acid  solution  were  required 
to  saturate  the  lime,  so  that  21  "7  milligr.  of  lime  had  been 
saturated  by  the  carbonic  acid.  This  gives  17*1  milligr.  or  8*601 
cub.  cent,  of  COj  at  0°  and  760  mm.  Hence  the  quantity  of 
carbonic  acid  in  the  air  was  0'064  per  cent. 

Hence  it  appears  that  a  volume  of  air  not  exceeding  3  liters  is 
sufficient  to  determine  by  this  method  the  amount  of  carbonic 
acid  in  the  air,  with  all  the  exactness  that  can  be  required. 

Finally,  I  will  observe  that  this  method  of  estimating  the  car- 
bonic acid  in  the  air  presupposes  the  same  condition  as  all  other 
methods  given  for  the  purpose,  viz.,  that  the  air  contains  no  other 
acid  than  carbonic  acid. 
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XXX. — On  some  Constituents  of  Rhubarb. 

By  Warren  De   La  Rue,  Ph.D.,   F.R.S.,  Treas.  C.S.,   and 
Hugo  Muller,  Ph.D. 


I.  Investigation  of  a  deposit  found  in  Tincture  of 

B/HUBARB. 

It  has  been  often  observed  that  when  freshly  prepared  tincture 
of  rhubarb  is  left  to  itself  for  some  time,  it  becomes  turbid,  and 
deposits  a  dark-coloured  precipitate,  which  cannot  be  redissolved, 
either  by  heating  the  tincture  or  by  diluting  it  with  fresh  alcohol. 
The  attention  of  the  Society  was  recently  called  to  this  circum- 
stance by  Mr.  Whipple,  who  frequently  has  occasion  to  prepare 
the  tincture  of  rhubarb  on  a  large  scale:  Mr.  Whipple,  at  the 
same  time,  gave  an  account  of  a  few  experiments  he  had  made 
with  the  precipitate,  and  stated  that  his  leisure  did  not  permit  of 
his  investigating  the  subject  further,  but  that  he  would  furnish 
material  to  any  member  who  might  feel  inclined  to  pursue  the 
inquiry.  As  it  appeared  to  be  very  probable  that  the  deposit 
from  the  tinctura  rhei  contained  some  constituents  of  interest, 
we  availed  ourselves  of  Mr.  Whipple's  offer;  and  we  take  this 
opportunity  to  express  to  him  our  thanks  for  the  liberal  supply  of 
material  which  he  kindly  placed  at  our  disposal. 

The  deposit  from  rhubarb  tincture  is  of  a  dark  colom',  and 
resinous  nature ;  it  resembles  logwood  extract  coarsely  powdered, 
and  has  in  a  slight  degree  the  characteristic  odom*  of  rhubarb. 
When  heated  in  a  test-tube,  it  does  not  melt,  but  gives  off  yellow 
fumes,  which  condense  to  a  yellow  liquid,  a  black  residue  being 
left.  Heated  on  platinum  foil,  it  burns  without  melting,  leaving  a 
tolerably  large  quantity  of  asli,  which  consists  principally  of 
potash  and  lime.  Boiled  with  water,  it  imparts  a  yellowish  tint  to 
it ;  but  an  almost  inappreciable  quantity  of  it  is  dissolved :  alcohol, 
when  boiled  with  the  precijiitate,  assumes  a  dark  yellow-brown 
tint,  but  the  quantity  dissolved  is,  nevertheless,  very  small. 
Similar  results  are  obtained  oji  treating  the  precipitate  with  ether, 
chloroform,  and  glacial  acetic  acid.  Ammonia,  and  concentrated 
sulphuric  acid  dissolve  the  greater  part,  but  not  the  whole  of  the 
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substance ;  the  fixed  alkalies,  on  the  other  hand,  when  aided  by 
heat,  completely  dissolve  it,  with  the  exception  of  a  slight  residue, 
consisting  of  accidental  impurities ;  the  solution  in  ammonia,  the 
alkalies,  or  sulphuric  acid,  is  of  a  dark,  dingy  purple  colour. 

After  having  determined  the  leading  properties  of  the  deposit 
by  the  above-named  experiments,  its  composition  was  investigated 
in  the  following  manner : — A  considerable  quantity  of  the  sub- 
stance was  pulverised  as  finely  as  possible  and  treated  repeatedly  with 
boiling  spirit  of  wine  (of  86  per  cent.)  until  it  no  longer  dissolved 
anything ;  the  insoluble  residue,  which  constituted  by  far  the  greater 
bulk  of  the  deposit  will  be  treated  of  hereafter.  The  dark  yellow 
solution  was  filtered  while  hot,  and  concentrated  by  partially  dis- 
tilling off  the  alcohol;  the  concentrated  solution,  on  cooling, 
deposited  a  flocculent  matter  of  yellow  colour.  This  deposit,  after 
being  several  times  dissolved  in  alcohol,  and  allowed  to  deposit 
therefrom,  became  crystalline,  and  exhibited  all  the  properties  of 
chrysophane. 

In  accordance  with  the  method  adopted  by  Schlossberger 
and  Dopping,"^  in  their  analysis  of  rhubarb,  the  mother-liquor 
of  the  chrysophane  was  mixed  with  about  an  equal  volume  of 
ether,  when  a  bulky  brown  precipitate  was  formed.  This  was 
allowed  to  stand  for  a  while,  and  the  clear  supernatant  liquor 
tested  with  a  fresh  portion  of  ether,  in  order  to  ascertain  whether 
any  more  precipitate  could  be  thrown  down.  After  the  preci- 
pitation was  ascertained  to  be  complete,  the  deposit  was  separated 
by  filtration,  and  set  aside.  The  filtrate  was  concentrated  by 
distilling  off  the  greater  part  of  the  ether,  and  was  then  allowed 
to  evaporate  spontaneously  to  dryness.  The  dry  residue  was 
again  dissolved  in  alcohol,  and  the  solution  treated  with  ether, 
which  again  caused  a  precipitation ;  the  filtered  solution  was  then 
concentrated,  and  allowed  to  evaporate  to  dryness;  and  these 
operations  were  repeated  as  long  as  ether  caused  any  precipitate  in 
the  alcoholic  solution.  Lastly,  by  evaporating  the  alcoholic  solution 
to  dryness,  we  obtained  a  small  quantity  of  a  substance  which  did 
not  show  any  signs  of  crystallization ;  it  had  a  brown  resin-like 
appearance,  and  when  powdered  became  yellow;  it  dissolved 
readily,  with  a  turmeric  tint,  in  alcohol,  ether,  and  benzol,  and 
gave  a  deep  red  solution  with  ammonia  and  the  fixed  alkalies,  and 
exhibited  the  other  characteristic  properties  of  Eryth'oretin. 

The  brown   deposit   separated  by  ether  from  the  solution  of 
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erythroretin,  after  repeated  solution  in  alcohol  and  precipitation 
with  ether,  resembles  in  all  its  properties  the  Phceoretin  of 
Schlossberger  and  Dopping. 

It  will  be  recollected  that  we  stated  that  the  greater  part  of  the 
deposit  from  the  tincture  of  rhubarb,  when  treated  with  alcohol 
to  remove  chrysophane,  erythroretin,  and  phaeoretin,  remained 
undissolved ;  by  digesting  this  residue  with  a  moderately  strong 
solution  of  caustic  potash,  it  dissolved  completely,  gi^'ing  a  dark 
brownish-red  solution.  To  the  alkaline  solution  hydrochloric  acid 
was  added ;  this  caused  the  separation  of  a  deep  brown  precipitate, 
which  was  first  washed  with  water,  then  with  alcohol,  to  remove 
a  portion  of  phseoretin  which  it  still  contained.  After  drying,  the 
precipitate  formed  an  almost  black  resinous  substance,  nearly 
insoluble  in  alcohol,  ether,  chloroform,  and  benzol,  but  dissolving 
readily  in  the  alkalies.  When  heated  on  a  platinum  foil,  it  takes 
fire  without  melting.  These  properties  accord  with  those  of  the 
Aporetin  of  Schlossberger  and  Dopping. 

These  experiments  tend  to  show  that  the  deposit  which  forms 
in  the  tincture  of  rhubarb  is  composed  chiefly  of: 

Chrysophane, 

Erythroretin, 

Phffioretin, 

Aporetin, 
the  chief  constituents  being  the  last  named.    The  chrysophane 
amounts  to  about  4  per  cent.,  and  hence  the  rhubarb-tincture 
deposit  is  a  valuable  material  for  its  preparation. 

II.  Preparation  of  Chrysophane. 

The  investigations  of  the  deposit  of  the  "  Tinctura  E,hei''  affbrded 
us  an  opportunity  of  studying  the  properties  of  chrysophane  in 
connexion  with  the  other  constituents  of  the  rhubai'b  root,  and 
enabled  us  to  devise  a  method  for  the  preparation  of  chrysophane, 
which  completely  removes  the  difficulties  hitherto  experienced  in 
the  extraction  of  that  substance  from  rhubarb.  Having  observed 
that  chrysophane  is  only  slightly  soluble  in  alcohol,  but  that  it 
dissolves  readily  in  glacial  acetic  acid,  amyl  alcohol,  oil  of  tur- 
pentine, coal  naphtha,  and  especially  in  benzol,  and  in  the  lighter 
oils  obtained  irova  Burmese  naphtha,  to  the  exclusion  of  the 
greater  part  of  the  other  constituents,  it  became  apparent  that 
the  latter  solvents  might  be  used  with  great  advantage  in  its 
preparation.    A  few  preliminary  experiments  led  to  the  selection  of 
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benzol,*  or  the^ight  oils  of  Burmese  naphtlia  and  of  amyl- alcohol, 
as  the  best  suited  for  the  purpose.  The  deposit  of  the  "  Tinctura 
Rhei "  parts  readily  with  its  chrysophane  when  treated  in  a  finely 
powdered  state  with  benzol  (purified  coal-tar  naphtha  may  be 
substituted),  in  a  Mohr^s  extraction  apparatus.  In  order  to 
prepare  chrysophane  from  rhubarb  itself,  a  preliminary  operation  is 
necessary ;  the  crushed  root  must  be  previously  macerated  with 
cold  water,  which  removes  more  than  50  per  cent,  of  soluble 
matter ;  these  not  only  unnecessarily  increase  the  bulk  of  material 
to  be  operated  on,  but  they  also  render  the  extraction  of  the 
chrysophane  much  more  difficult.  After  maceration  with  water, 
the  root  is  dried  and  treated  with  benzol  in  a  Mohr's  apparatus. 
By  operating  in  the  manner  described,  a  very  concentrated  solu- 
tion of  chrysophane  is  obtained,  and  a  comparatively  small  quantity 
of  the  solvent  is  employed. 

The  fact  that  chrysophane  is  but  slightly  soluble  in  alcohol,  and 
much  less  so  in  the  dilute  alcohol  employed  in  the  preparation  of 
the  tincture  of  rhubarb,  led  to  the  conjecture  that  the  greater 
part  of  the  chrysophane  remains  in  the  residuary  root.  An  experi- 
ment carried  out  with  such  residuary  rhubarb  as  is  thrown  away 
in  pharmaceutical  laboratories,  proved  this  conjecture  to  be  well 
founded,  as  the  residue  furnished  2*6  per  cent,  of  chrysophane. 
It  is,  indeed,  better  suited  for  treatment  with  benzol  than  the 
original  root,  in  consequence  of  its  not  being  necessary  to  macerate 
it  pre\iously  with  water. 

The  benzolic  solution  obtained  from  either  of  the  above-named 
sources  is  concentrated  by  distilling  off  the  greater  part  of  the 
benzol ;  on  cooling,  the  solution  becomes  nearly  solid  by  deposit- 
ing the  crude  chrysophane.  The  mother-liquor  contains  erythro- 
retin,  and  a  neutral  fat,  and  it  is  advisable  to  sacrifice  the  small 
quantity  of  chrysophane  retained  in  the  mother-liquor,  by  at  once 
pressing  the  crude  chrysophane  between  blotting  paper. 

On  redissolving  the  crude  chrysophane  in  hot  benzol,  a  reddish- 
yellow,  and  much  less  soluble  body  is  left  undissolved,  and  the 

*  Benzol,  and  the  light  hydrocarbons  obtained  from  Burmese  naphtha  appear  to 
be  susceptible  of  a  very  general  application  in  experimental  research,  as  they  are  of 
great  value  in  separating  certain  classes  of  bodies  from  others  of  a  different  nature. 
As  examples  of  this  apnlication,  we  may  state  that  benzoic  acid  can  be  readily 
separated  from  gum  benzoin  by  mean-  of  benzol ;  guaiacic  acid  can  also  be  separated  by 
its  means  from  gum  guaiacum,  the  benzol  dissolving  the  acids  and  leaving  the  gum 
unacted  upon ;  on  evaporation,  the  acids  are  obtained  at  once  in  remarkably  fine 
crystals. 
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hot  solution,  on  slightly  cooling,  deposits  a  still  further  quantity 
of  it  in  the  state  of  a  light  flocculent  precipitate.  The  chry- 
sophane  is  obtained  by  crystallization,  after  filtering  off  the 
flocculent  matter,  and  concentration  of  the  solution.  In  order  to 
obtain  the  chrysophane  quite  pure,  the  operation  must  be  repeated 
several  times.  The  flocculent  precipitate  proved  to  be  a  new- 
body,  vrhich  appears  to  have  escaped  the  notice  of  previous 
investigators  of  rhubarb. 

In  the  final  purification  of  chrysophane,  both  amyl-alcohol  and 
glacial  acetic  acid  off'er  advantages  over  benzol ;  for  although  it 
is  possible  to  obtain  that  substance  in  beautiful  crystals  fi*om  a 
benzolic  solution,  yet  the  difficulties  are  less  when  either  amyl 
alcohol  or  acetic  acid  is  employed,  in  consequence  of  temperature 
affecting  the  solvent  powers  of  these  latter  agents  to  a  greater 
extent  than  those  of  benzol.  Although  alcohol  is  not  adapted  for 
the  extraction  of  chrysophane,  it  may  be  nevertheless  used  in  the 
final  crystallization  with  advantage. 

Pure  chrysophane,  when  crystallized  from  benzol  under  favour- 
able circumstances,  forms  six-sided  plates  (raonoclinic  prisms), 
which  bear  great  resemblance  to  iodide  of  lead ;  the  colour  varies 
from  a  pale  yellow  to  a  deep  orange,  according  to  the  size  of  the 
crystals.  From  alcohol,  amyl-alcohol,  and  glacial  acetic  acid,  it 
usually  crystallises  in  moss-like  aggregations  of  foliated  crystals. 
It  dissolves  in  224  parts  of  boiling  alcohol  of  86  per  cent,  and  in 
1125  parts  of  alcohol  at  30°C.  (86°F.).  When  pare  it  melts, 
without  decomposition,  at  162°C.  (323.°6r.),  and  solidifies  on 
cooling  to  a  crystalline  mass. 

Althouo-h  chrysophane  dissolves  in  alkalies,  forming  definite 
compounds,  its  acid  properties  are  very  feeble,  for  it  not  only 
does  not  drive  off  carbonic  acid  from  its  combinations,  but  even 
parts  with  ammonia,  when  the  ammonia  compound  is  evaporated. 

It  is  well  known  that  when  chrysophane  is  dissolved  in  caustic 
potash  of  moderate  strength,  a  beautiful  purple  compound  is 
formed  the  greater  part  of  which  remains  in  solution,  but  « 
portion  of  it  gradually  deposits  as  a  flocculent  precipitate.  We 
have  observed  that  if  grape-sugar  be  added  to  the  compound 
containing  an  excess  of  alkali,  and  the  mixture  kept  for  some 
hours  in  a  well  stoppered  bottle,  the  purple  colour  gradually  dis- 
appears, and  the  solution  becomes  of  a  brownish -yellow  tint,  this 
phenomenon  being  accompanied  by  the    disappearance    of   the 
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flocculent  precipitate.  The  solution,  however,  recovers  its  original 
purple  colour  when  exposed  in  a  shallow  vessel  to  the  air  for  a 
few  minutes,  and  the  fiocculent  precipitate  is  again  formed. 

Hydrate  of  potash,  at  its  fusion-point,  does  not  alter  chrysophane 
at  first ;  but  if  the  temperature  be  raised  or  the  action  continued 
for  some  time,  it  first  becomes  blue,  and  is  then  decomposed,  at 
the  same  time  an  odour  resembling  that  of  caprylic  alcohol  is 
emitted.  Potassium-alcohol  apparently  does  not  destroy  chryso- 
phane; it  gives  rise  to  a  purple  compound  and  formation  of  alcohol. 
Neither  chlorine,  bromine,  nor  nitric  acid,  destroys  the  yellow 
colour  of  chrysophane,  but  they  undoubtedly  alter  its  composition. 
Nitromuriatic  acid,  when  boiled  for  some  time  with  chrysophane, 
forms  a  liquid  body  which  does  not  become  crystalline  on  cooling ; 
but  it  still  retains  the  property  of  striking  a  red  colour  with 
caustic  alkalies.  A  mixture  of  hydrochloric  acid  and  chlorate  of 
potash  behaves  in  a  somewhat  similar  manner.  If  chrysophane  be 
dissolved  in  strong  sulphuric  acid,  and  peroxide  of  manganese  be 
then  added,  the  red  colour  disappears  in  consequence  of  the 
destruction  of  the  chrysophane. 

0-1426  gramme  of  chrysophane  gave  on  combustion : — 
0-3595  gramme  of  carbonic  acid  =  68-76  per  cent,  carbon. 
0-0545  gramme  of  water  =     425         „        hydrogen. 

If  these  numbers  be  compared  with  those  obtained  by  Rochleder 
and  Held,  who  analyzed  the  substance  obtained  from  the  lichen  Par- 
melia  parietina,  and  by  Schlossberger  and  Dopping,  who  analyzed 
the  chrysophane  of  rhubarb,  there  will  be  found  a  perfect  accord- 
ance in  the  results,  as  will  be  seen  from  the  following  table : — 


Eochleder  &  Held. 
I.                    II. 

Schlossberger  & 
Dopping. 

De  La  Kue 
&  MuUer. 

Carbon 

68-45 

68-65 

68-69 

68-76 

Hydrogen 
Oxygen 

4-56 
26-99 

4-59 
26-76 

4-24 
27-07 

4-25 
27-09 

Before  concluding  these  observations  respecting  chrysophane,  we 
are  desirous  of  calling  attention  to  the  remarkable  resemblance 
existing  between  the  properties  of  that  body  and  pipitzahoeinic 
acid  prepared  from  a  Mexican  root  called  raiz  del  pipitzahuac,  and 
described  by  Weld  ;*  but  the  analysis  diflFers  too  much  to  admit  of 
the  two  bodies  being  considered  identical. 

*  Aim.  Ch.  Pharm.  xcv.  188. 


304  BE   LA   RUE   AND   MULLER 

Weldo  btained  the  following  numbers  : — 

I.  II. 

Carbon         72-58  73-24 

Hydrogen 8*06  8-27 

From  the  foregoing  numbers  Weld  derives  the  formula  C3oH2oOg 
Rochleder  and    Heldt's   formula   for   chrvsophane   is    C20H  gOg 

making  a  difference  in  the  composition  of  the  bodies  of  C^qHj2 

"We  cannot  refrain  from  pointing  out  the  possibility  of  these  two 
bodies  being  homologues^  and  differing  by  5(C2H2) ;  this  would 
make  the  formula  of  pipitzahoeiuic  acid  to  be  CgoH^^Og,  which 
requires  73-17  carbon  and  7-81  hydrogen. 

III.  Emodin. 

In  the  description  of  the  preparation  of  chrysophane^  it  was  men- 
tioned that  on  treating  the  crude  chrvsophane  with  benzol,  there  is 
left  undissolved  a  yellowish  red  residue,  and  that  a  further  quan- 
tity taken  up  by  the  hot  benzol  is  deposited  as  the  benzolic 
solution  of  the  chrysophane  becomes  somewhat  cooled.  Although 
the  insolubility  of  this  body  in  benzol  led  to  its  detection,  the 
complete  separation  of  it  from  chrysophane  is  attended  with  many 
difficulties  on  account  of  the  latter  substance  modifying  to  a 
considerable  extent  the  properties  of  the  new  body. 

The  best  mode  of  separating  the  new  body  from  chrysophane  is 
to  dissolve  the  precipitate  entirely  in  hot  benzol,  and  to  allow  the 
benzolic  solution  to  cool  slowly ;  the  deposit  which  forms  is  then 
separated  by  filtration,  and  dissolved  by  heat  in  glacial  acetic  acid, 
from  which  it  is  obtained,  in  a  state  of  considerable  purity  and  in 
beautiful  crystals  as  the  solution  cools.  This  treatment  with 
acetic  acid  appears  to  be  essential  on  account  of  its  removing  some 
foreign  matter,  the  presence  of  which  interferes  with  the  crystal- 
lization. 

After  purification  in  the  foregoing  manner,  the  new  body  may 
be  dissolved  in  boiling  alcohol,  from  which  it  separates  on  cooling 
in  splendid  prismatic  crystals,  sometimes  two  inches  long,  asso- 
ciated in  concentric  aggregations. 

This  substance,  for  which  for  the  present  we  propose  the  name 
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of  Emodin,  is  of  a  bright  deep  orange  colour;  in  thick  crystals  it 
assumes  almost  a  red  tint.  The  crystals  are  monoclinic  prisms, 
extremely  brittle,  and  resembling  isatin  in  appearance. 

Emodin  does  not  melt  at  a  temperature  below  250°  C.  (482°  F.), 
while  chrysophane  melts  at  162°  C.,  (323-6  F.);  during  the  fusion,  a 
small  portion  volatilizes  undecomposed,  giving  a  yellow  vapour 
which  first  condenses  to  a  yellow  liquid,  and  subsequently  solidifies 
to  a  crystalline  mass. 

In  its  chemical  properties,  emodin  closely  resembles  chry- 
sophane, the  different  behaviour  to  some  solvents  being  the 
principal  distinction  between  them.  Emodin  is  much  more 
soluble  than  chrysophane  in  alcohol,  glacial  acetic  acid,  and  amylic 
alcohol.  In  benzol,  however,  emodin  is  much  less  soluble  than 
chrysophane  ;  hence  the  value  of  the  solvent  in  the  separation  of 
the  two  bodies. 

,':  Caustic  alkalies  dissolve  emodin  with  the  same  phenomena  as 
occur  in  the  solution  of  chrysophane,  and  ammonia  behaves  to  it  as 
it  does  to  the  latter  substance,  giving  a  purple  liquid,  and  flying  off 
completely  on  evaporation  of  the  solution. 

On  combustion,  emodin  gave  the  following  numbers : — 

I.  0*165  gramme  substance  gave  : 

0-4035      „         Carbonic  acid  =  66-69  Carbon 
0-0605      „         Water  =    4*07  Hydrogen. 

II.  0*1688  gramme  substance  gave  : 

0*4120      „         Carbonic  acid  =  66-57  Carbon. 
0-0603      „         Water  =     4-13  Hydrogen. 

The  purely  empirical  formula  C^q  H^^  Ojg  agrees  well  with  the 
foregoing  analysis,  as  will  be  seen  from  the  following  table  : — 


Theory. 

Experiment. 

Mean. 

I. 

II. 

C40 

—  240  —  66-85 

66-69 

66-57 

66-63 

H,5 

_    15  _     4-18 

4-07 

4-13 

4-10 

Oi3 

—  104  —  28-97 

•• 

•- 

29-27 

359       10000  100-00 

Up  to  the  present  time,  we  have  not  been  able  to  determine  any- 
rational  formula  for  emodin. 
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IV.  Action  op  Nitric  Acid  on  Apoeetin. 

"When  crude  aporetin  (that  which  we  used  for  these  experiments, 
contained  phgeoretin,)  is  brought  in  contact  with  concentrated 
nitric  acid,  a  red-brown  solution  is  formed  which  generates  heat, 
and,  evolving  nitrous  fumes,  undergoes  further  decomposition ;  if, 
after  the  evolution  of  nitrous  fumes  has  somewhat  ceased,  the 
action  be  assisted  by  heat,  taking  care  that  an  excess  of  nitric 
acid  is  present,  it  will  be  observed,  after  boiling  the  mixture 
for  several  hours,  that  a  yellow  substance  deposits,  and  that  a 
further  quantity  may  be  obtained  on  the  addition  of  water  to  the 
solution  after  it  has  become  cold.  This  yellow  body  is  a  nitro- 
compound of  acid  properties,  and  is  the  principal  product  of  the 
action  of  nitric  acid  on  aporetin. 

The  mother-liquor  is  of  a  dark  yellow  colour,  and  gives,  on 
evaporation,  (which  is  facilitated  by  adding,  from  time  to  time, 
small  quantities  of  alcohol  in  order  to  carry  off  the  nitric  acid,)  a 
considerable  quantity  of  oxalic  acid  coloured  yellow  with  extraneous 
matter. 

The  liquor  from  which  the  oxalic  acid  has  been  separated,  gives 
with  alkalies,  brownish  red  tints,  in  consequence  of  the  formation 
of  salts  with  an  acid  still  to  be  examined. 

No  picric  or  styphnic  acid  could  be  detected  among  the 
products  of  the  action  of  nitric  acid  on  aporetin. 

If  the  yellow  nitro-compound  is  washed  on  a  filter  with  water, 
the  latter  acquires,  after  some  time,  an  amaranth-red  colour;  if 
the  washing  be  continued  with  considerable  quantities  of  water,  it 
still  continues  to  acquire  a  deep  red  colour  without  diminishing 
materially  the  bulk  of  the  nitro-compound. 

Boiling  water  and  boiling  alcohol  dissolve  the  nitro-compound, 
and  acquire  a  red  colour,  but  the  nitro-compound  separates,  on 
the  cooling  of  these  solutions,  as  a  yellow  powder.  Alkaline  solu- 
tions, when  dilute,  produce,  with  the  nitro-compound,  red 
solutions,  but,  when  concentrated,  a  flocculent  brown  compound 
deposit,  and  the  solutions  become  •  also  brown  in  consequence  of 
their  decomposition.. 

Concentrated  ammonia,  at  ordinary  temperatures,  forms  a 
beautiful  violet  compound,  part  of  which  precipitates ;  when  dry, 
it  has  a  bronze  lustre.  The  ammonia  compound  is  soluble  in  water 
with  a  violet  colour;  acids  do  not  precipitate  the  orignal  yellow  nitro- 
compound from  this  solution  (as  is  the  case  when  a  very   dilute 
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solution  of  ammonia  is  taken),  but   a   violet  compound  which  is 
soluble  in  an  excess  of  acid  with  a  red  colour. 

With  a  cold  concentrated  solution  of  carbonate  of  potash,  the 
nitro-compound  forms  a  reddish  brown  crystalline  powder  which 
dries  with  a  metallic  lustre ;  it  is  not  very  soluble  in  cold  water, 
but  dissolves  much  more  readily  in  hot  water  with  a  purple  colour. 
A  hot  solution  of  carbonate  of  potash  acts  like  a  solution  of 
caustic  alkali,  producing  instantaneously,  with  decomposition,  a 
flocculent  brown  body. 

The  solution  of  the  nitro-compound  in  ammonia  changes  its 
colour  upon  the  addition  of  sulphuret  of  ammonium  to  purple 
and  then  soon  to  a  dark  indigo  blue.  If  an  acid  be  now  added  to 
this  blue  solution,  a  dark  purple  precipitate  is  the  result ;  the 
precipitate  settles  readily,  and  when  washed  with  cold  water  and 
dried,  resembles  indigo.  "Water  dissolves  this  blue  body  very 
sparingly,  with  a  purple  colour ;  the  alkalies  dissolve  it,  gi^^ng  a 
splendid  blue  solution.  The  blue  compound  is  also  formed  when 
the  solution  of  the  nitro-compound  in  alcohol,  to  which  has  been 
added  a  small  quantity  of  hydrochloric  acid,  is  brought  in  contact 
with  metallic  zinc. 

The  dry  nitro-compound,  if  slowly  heated  on  platinum  foil, 
gives  off  yellow  fumes,  leaving  a  carbonaceous  residue ;  if  qaickly 
heated,  it  deflagrates,  but  the  combustion  in  this  case  is  also 
incomplete. 

The  behaviour  of  the  nitro-compound  produced  by  the  action 
of  nitric  acid  on  aporetin,  tends  to  prove  that  it  is  identical  Avith 
chrysammic  acid,  which  is  so  well  characterized  by  its  potash 
salt,  by  its  transformation  into  chrysamminamid,  and  especially  by 
the  formiation  of  that  beautiful  blue  compound  hydro-chrysaramid. 

The  formation  of  chrysammic  acid  from  aporetin  is  of  some 
interest,  inasmuch  as  it  has  hitherto  only  been  obtained  from 
aloes;  it  is  therefore  our  intention  to  completely  establish  the 
identity  of  this  acid  as  prepared  from  aporetin  with  that  resulting 
from  the  action  of  nitric  acid  on  aloes,  by  analyzing  our  sub- 
stances as  soon  as  we  have  a  sufficient  amount  of  material  at 
command. 
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PEOCEEDINGS 

AT    THE 

MEETINGS   OF  THE   CHEMICAL  SOCIETY. 


Anniversary  Meeting,  March  31,  1857. 
Dr.  Miller,  President,  in  tlie  Chair. 

Two  Scrutators  lia\4ng  been  appointed,  the  Meeting  proceeded 
to  the  election  of  Council  and  Officers  for  the  ensuing  year,  and 
the  following  were  declared  to  have  been  duly  elected  : — 

President. 
Lyon  Playfair,  Ph.D.,  C.B.,  F.R.S. 

Vice-Preside7ifs, 
Who  have  filled  the  office  of  President. 
W.  T.  Brande,  F.R.S.  Thomas  Graham,  F.R.S. 

C.  G.  B.  Daubeny,  M.D,,  F.R.S.     W.  A.  Miller,  M.D.,  F.R.S. 
Colonel  Philip  Yorke,  F.R.S. 

Vice-Presiden  ts. 

B.  C.  Brodie,  F.R.S.  John  Stenhouse,  LL.D.,  F.R.S. 
Warren  De  la  Rue,  Ph.D.,  F.R.S.     A.  W.  Williamson,  Ph.D.,  F.R.S. 

Treasurer. 
Robert  Porrett,  F.R.S. 

Secretaries. 
Theophilus  Redwood,  Ph.D.  Wmiam  Odling,  M.B. 

Foreign  Secretary. 
A.  W.  Hofmann,  Ph.D.,  LL.D.,  F.R.S. 

Other  Members  of  Council. 

F.  A.  Abel.  H.  Bence  Jones,  M.D.,  F.R.S. 

C.  L.  Bloxam.  G.  D.  Longstaff,  M.D. 

G.  B.  Buckton,  F.R.S.  Henry  M.  Noad,  Ph.D.,  F.R.S. 
J.  H.  Gilbert,  Ph.D.  Hugh  Lee  Pattinson,  F.R.S. 
W.  C.  Henry,  M.D.,  F.R.S.           Alfred  Smee,  F.R.S. 

Charles  Heisch.  J.  A.  Voelcker,  Ph.D. 

The  thanks  of  the  IMeeting  were  voted  to  the  President,  Officers, 
and  Council,  for  their  services  during  the  past  year. 
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April  6,  1857. 
Dr.  Lyon  Playfair,  President,  in  the  Chair. 

J.  Vernon  Heath,  Esq.,  was  elected  a  Fellow  of  the  Society. 

A  discourse  was  delivered, 

'^On  the   Applications  of  Sewage  to  Agriculture  :"  by  Dugald 
Campbell,  Esq. 


April  20,  1857. 

At  an  Extraordinary  Meeting,  held  pursuant  to  notice. 

Dr.  Lyon  Playfair,  President,  in  the  Chair, 

A  Minute  of  the  Council  was  read,  announcing  that  Mr,  Porrett, 
in  consequence  of  declining  health  and  strength,  had  resigned  his 
appointment  of  Treasurer  to  the  Society. 

It  was  moved  by  Professor  Miller,  seconded  by  Dr=  H.  Be  nee 
Jones,  and  resolved. 

That  this  Meeting  deeply  regrets  that  the  declining  health  of 
Robert  Porrett,  Esq.,  has  necessitated  his  resignation 
of  the  office  of  Treasurer  to  the  Chemical  Society,  and  that 
the  thanks  of  the  Meeting  be  presented  to  him  for  the  zeal 
he  has  manifested  in  the  performance  of  the  duties  of  that 
office,  for  a  period  of  fourteen  years. 

The  Meeting  proceeded  to  elect  a  new  Treasurer  by  ballot,  and 
the  President  announced  that  "Warren  De  la  Rue,  Ph.D.,  F.R.S., 
was  duly  elected  Treasurer  of  the  Chemical  Society. 

The  Meeting  then  proceeded  to  elect  a  Vice-President,  in  the 
place  of  Dr.  Warren  De  la  Rue,  and  the  President  announced 
that  Robert  Porrett,  Esq.,  F.R.S.,  was  duly  elected  a  Vice- 
President  of  the  Chemical  Society. 

The  Meeting  was  then  resolved  into  an  Ordinary  Meeting. 
Dr.  Lyon  Playfair,  President,  in  the  Chair. 

A  resolution  of  the  Council,  recommending  the  removal  of  the 
names   of  fifteen   Fellows,  whose    subscriptions  had   fallen   into 
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arrear,  having  been  read  for  the  third  time,  was  submitted  to  the 
ballot^  and  duly  affirmed  by  the  Meeting. 

The  foUowing  papers  were  read  : — 

"  On  a  New  Base  obtained  from  the  Juice  of  Flesh  :"  by  Pro- 
fessor Strecker. 

"On  the  Juice  of  Beef:"  by  Professor  Bloxam. 

"On  a  Xew  Method  of  Testing  Urine:"  by  Mr.  John  Horsley. 

"  On  the  Fatty  Matters  of  Human  Excrement  in  Disease :"  by 
Dr.  Marcet. 


May  4,  1857. 
Thomas  Graham,  Esq.,  Vice-President,  in  the  Chair. 

Dr.  Anderson  delivered  a  discourse  "On  the  Alkaline  Products 
of  the  destructive  distillation  of  Animal  ^Matter." 


May  18,  1857. 
An  Extraordinaiy  Meeting  was  held  pursuant  to  notice. 
Dr.  Lyox  Playfair,  President,  in  the  Chair. 

A  Minute  of  the  Council  Meeting  of  May  4,  1857,  directing 
that  an  Extraordinary  Meeting  of  the  Society  be  convened,  to 
consider  the  propriety  of  altering  the  11th  By-law,  so  as  to  admit 
of  the  Ordinary  ]Meetings  of  the  Society  being  held  on  Thursdays 
instead  of  Mondays,  having  been  read  by  the  Secretary, 

It  was  moved  and  seconded, 

That  the  first  and  second  sentences  of  the  11th  By-law  be 
expunged,  and  that  the  following  sentences  be  substituted  : 

"  The  ordinary  Meetings  of  the  Society  shaU  be  held  twice  in 
every  month,  from  November  to  June  inclusive,  except  in  the 
month  of  January,  when  the  Society  shall  meet  once  only.  The 
specific  days  and  hour  of  meeting  to  be  determined  by  the 
Council." 

To  this  an  amendment  was  moved  and  seconded, 

"  That  the  Meetings  of  the  Chemical  Society  be  held  on  Mon- 
days, in  accordance  with  its  original  By-law  XI." 
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The  amendment  having  been  put  to  the  Meeting,  was  negatived, 
and  the  original  motion  was  carried. 

The  Meeting  was  then  resolved  into  an  Ordinaiy  Meeting. 

Dr.  Lyon  Playfaib,  President,  in  the  Chair. 

M.  Auguste  Cahours,  of  Paris,  and  Professor  C.G.Lehmann, 
of  Jena,  were  elected  Foreign  Members. 

The  following  Gentlemen  were  elected  Fellows  of  the  Society  : — 

Edward  Thomas  Kensington,  Esq.,  Dartmouth. 

Frederick  Versmann,  Esq.,  Royal  Mint. 

"W.  J.  Powell,  Esq.,  University  College. 

T.  Williams,  Esq.,  Midland  Institute,  Birmingham. 

George  Robertson,  Esq.,  London  Docks,  Shadwell. 

Thomas  Coomber,  Esq.,  7,  Unity  Street,  Bristol. 

T.  Leech,  Esq.,  Stoke-upon-Trent. 

J.  C.  Buckmaster,  Esq.,  Wandsworth. 

The  following  papers  were  read: — 

"  On  some  products  of  the  Oxidation  of  Chinese  Wax  :"  by  G. 
B.  Buckton. 

"  On  the  Chemical  Changes  which  Pig-Iron  undergoes  during 
its  conversion  into  Wrought  Iron:"  by  Messrs.  F.  C.  Calvert 
and  C.  Johnson. 


June  4,  1857. 
Dr.  Lyon  Playfair,  President,  in  the  Chair. 

The  following  donations  were  announced  : — 

The  Pharmaceutical  Journal. 

The  Journal  of  the  Franklin  Institute. 

The  Literary  Gazette. 

The  Journal  of  the  Society  of  Arts. 

W.  T.  Butcher,  Esq.,  of  Wolverhampton,  was  elected  a  Fellow 
of  the  Society. 

Professor  INIiller  delivered  a  discourse  "On  the  recent  progress 
of  Electro-Chemistry." 
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June  18,  1857. 
Dr.  Lyon  Playf air,  President,  in  the  Chair. 

Henry  William  Field,  Esq.,  of  the  Royal  Mint,  was  elected 
a  Fellow  of  the  Society. 

The  following  papers  were  read  : — 

"  On   a   New   Series   of    Organo-thionic    Acids : "    by    J.    T. 
Hob  son,  Esq. 

'^  On  a  New  Maximum  and  Minimum  Thermometer,  &c.  :"  by 
theUev.  J.  G.  Macvicar. 

"On  a  delicate  Optical  Test  for  Didymium  :"  by  Dr.  J.   H. 
Gladstone. 

"Contributions   towards   the    History  of   Thialdine:"    by  Dr. 
Hofmann. 

"  On  the   State  of  the    Air    in  Ventilated    and  Unventilated 
Apartments:"  by  Drs.  Roscoe  and  Pettenkofer. 

"Miscellaneous  Observations:"  by  Dr.  Hofmann. 

"Analysis  of  the  Water  of  Tonbridge  Wells:"  by  J.  Thom- 
son, Esq. 
'  "  Remarks  on  the  Action  of  Heat  on  Gold,  and  its  Alloy  with 
Copper  :"  by  James  Napier,  Esq. 

"On  the   Separation  of  Chlorine,  Bromine,  and  Iodine:"  by 
r.  Field,  Esq. 

"Analysis  of  several  Minerals :"  by  F.  Field,  Esq. 

"Action   of   Sulphuric   Acid  upon  Anisic  Acid:"    by  Louis 
Zervas,  Esq. 


November  5,  1857. 
Dr.  Lyon  Playfair,  President,  in  the  Chair. 

The  following  donations  were  announced  : — 

"  Daubeny's  Lectures  on  Roman  husbandry:"  from  the 
Author.  >.-..io<. 

"  A  Compendium  of  Qualitative  Analysis:"  by  Dr.  Griffin, 
from  the  Author. 

"  Magnetical  and  Meteorological  Observations  at  the  Toronto 
Observatory :" 
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"  Smitlisoiiian  Report  for  1855  :" 

"  Researches  on  the  Ammonia-cobalt  bases  :" 

from  the  Smithsonian  Institute. 

"  On  the  Bitumen  and  Petroleum  of  Trinidad :"  by  the  Earl  of 
Dundonald^  from  the  Author. 

"  On  the  relation  of  Gold  to  Light:"  by  Professor  Faraday, 
from  the  Author. 

"  Proceedings  of  the  American  Philosophical  Society  :"  from 
the  Society. 

"  The  Quarterly  Journal  of  Dental  Science  :"  from  the  Editor. 

"  The  Pharmaceutical  Journal '.''  from  the  Editor. 

"  Bulletin  de  la  Classe  Physico-Mathematique  de  PAcademie 
des  Sciences  de  St.  Petersbourg." 

"  Compte  Rendu   de   F Academic  des   Sciences  de  St.  Peters- 
bourg :"    , 

from  the  Academy  of  Sciences  of  St.  Petersburg. 

The  following  papers  were  read  : 

"  On  some  constituents  of  Rhubarb:"  by  Dr.  Warren  De  la 
Rue  and  Dr.  Hugo  Miiller. 

■    "  On  the  Volumetrical  Determination  of  Atmospheric  Carbonic 
Acid:"  by  Professor  Pettenkofer. 


November  19,  1857. 

Dr.  Lyon  Play  fair,  President,  in  the  Chair. 

The  following  donations  were  announced : — 

/  .31  V 
"Manuscript  Copy  of  Dr.   Hope's  Lectures:"  from  Mr.   S. 

Middleton. 

"  Catalogue  of  the  Royal  Institution  Library." 

"  Notices  of  the  Meetings  of  the  Royal  Institution  "  from  the 
Royal  Institution.  - 

"  Proceedings  of  the  Royal  Society  of  Edinburgh:"  from  the 
Society. 

"  Proceedings  of  the  Philadelphia  Academy  of  Natural  Sciences:" 
from  the  Academy. 

"  The  Canadian  Journal:"  from  the  Canadian  Institute. 

"  The  Smithsonian  Contributions  to  Knowledge." 

"  The  Smithsonian  Report  for  1856  :" 

fr'om  the  Smithsonian  Institute. 
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"  Transactions  of  the  Wisconsin  State  Agricultural  Society  :" 
from  the  Society. 

Richard  Eeynolds,  Esq.  of  Leeds,  was  elected  a  Fellow  of  the 
Society. 

Professor  Rogers  communicated  the  results  of  some  experi- 
ments on  Atmospheric  Ozone. 

A  paper  was  read  : — 

"  On  a  new  Calotype  process  :"  by  Mr.  J.  Mercer. 

Professor  "Williamson  communicated  a  note  on  a  peculiar 
reaction  of  Cobalt  and  Manganese. 


December  3,  1857. 
Dr.  Lyon  Play  fair,  President,  in  the  Chair. 

The  following  donations  were  announced  : — 

"  The  Journal  of  the  Photographic  Society  :"  from  the  Society. 

*'  The  Pharmaceutical  Journal :"  from  the  Editor. 

"  Memoirs  of  the  Literary  and  Philosophical  Society  of  Man- 
chester :" 

"  Dal  ton's  new  system  of  Chemical  Philosophy  :" 

*'  Dalton's  Meteorology  ;'* 

*'  D  alt  on  on  Microcosmic  Salt :" 

from  the  Manchester  Literary  and  Philosophical  Society. 

"  Memoirs  of  the  Academy  of  Sciences  of  Madrid  :"  from  the 
Academy. 

"  Henry  H.  Watson,  Esq.  The  Folds,  Bolton  le  Moors,  and 
William  Crooks,  Esq.,  15,  Stanley  Street,  Brompton,  were 
elected  Fellows  of  the  Society. 

The  following  papers  were  read  : — 

"  On  Rosolic  Acid:'*  by  Dr.  Hugo  Miiller. 

*'  On  the  Arsenites  of  Baryta,  Lime,  and  Magnesia,  and  the 
separation  of  Arsenic  from  other  elements:"  by  Frederick  Field, 
Esq. 
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December  17,  1857. 
Tliomas  Graham,  Esq.  Vice-President,  in  the  Chair. 
The  following  Gentlemen  were  elected  Fellows  of  the  Society  :— 

T.  B.  Groves,  Esq.,  Weymo-ath. 
,  W.  M.  Hindmarsh,  Esq.,  7,  King's  Bench  Walk,  Temple. 
John  Dale,  Esq.,  Cornbrook,  Manchester. 
Alexander  McDougall,  Esq.,  Dawson  Street,  Manchester. 
J.  Frederick  Davis,  Esq.,  Fountain  Street,  Ulverston,  Lan- 

R.  S.  Boper,  Esq.,  Ebbw-Vale,  Newport,  Monmouthshire. 

The  foUowing  Gentleman  was  elected  an  Associate  of  the 
Society : — 

Dr.  Evan  Pugh,  Rothamstead. 

Pr.  Frankland  exhibited  some  specimens  of  Mr.  G or e^s  Ex- 
plosive Antimony,  and  illustrated  its  properties. 

Papers  were  read : —  ,  ^  i   i. 

"  On  the  existence  of  a  new  Crystallizable  Fluorescent  Substance, 
Paviin,  in  the  bark  of  the  Horse-chestnut  tree:"  by  Professor 

Stokes,  Sec.  R.  S.  ^      „  -u     4.i,« 

"  On  a  new  Maximum  and  Minimum  Thermometer :     by  tne 

Bev.  J.  G.  Macvicar,  D.D.  .,    .  ,. 

Dr  Odling,  Secretary  to  the  Chemical  Society,  described  the 
formation  of  some  Common  Salt,  crystallised  by  cooling  a  hot 
hydrochloric  solution.  »    r^i       •    i 

Dr.    Verslmann    exhibited    some    new    forms    of   Chemical 

Apparatus. 


NOTICES 

OP 

PAPERS  CONTAINED  IN  OTHER  JOURNALS. 


Researches  on  a  New  Class  of  Alcohols, 
By  Augustus   William    Hofmann   and    Augustus    Cahours. 

Abstracted  from  a  Paper  read  before  the  Royal  Society  June  18.  1857. 

On  submitting  glycerin  to  destructive  distillation,  either  alone  or 

"in  the  presence  of  bisulphate  of  potassium  or  anhydrous  phos- 
phoric acid,  a  very  remarkable  product  is  obtained,  which  has  been 
elaborately  studied  by  Professor  Redtenbacher.  According  to 
the  researches  of  this  distinguished  chemist,  this  substance,  to 
which  the  name  of  acrolein  has  been  given,  presents  all  the  cha- 
racters of  an  aldehyde,  and  bears,  in  its  reactions,  a  close 
resemblance  to  the  vinic  aldehyde.  Under  the  influence  of  oxidiz- 
ing agents,   and  especially  of  oxide  of  silver,  this  body  changes 

4nto  an  acid  which  Redtenbacher  designates  by  the  name 
"  Acrylic  Acid,^'  and  which  bears  the  same  relation  to  acrolein 
that  is  observed  between  acetic  acid  and  common  aldehyde. 

The  researches  of  Messrs.  Will  and  Wertheim  upon  the 
volatile  oils  of  garlic  and  mustard,  established  a  relationship 
between  these  compounds  and  acrolein,  which  has  been  rendered 
still  more  evident  by  the  recent  very  interesting  investigations  of 

'Messrs.  Berth elot  and  De  Luca.  In  studying  the  action  of 
iodide  of  phosphorus  upon  glycerin,  these  chemists  obtained  a 
volatile  liquid  containing  iodine,  the  composition  of  which  is  ex- 
pressed by  the  formula  Cg  H5 1,  and  to  which  they  applied  the 
name  Iodide  of  Propylene.  This  substance  is  evidently  allied  to 
the  chloride  of  propylene  Cg  Hg  CI,  and  bromide  of  propylene, 
Cg  Hg  Br,  discovered  previously  by  Messrs.  Cahours,  Reynolds, 
and  Hofmann,  in  studying  the  action  of  chlorine  and  bromine  on 
the  gases  which  are  obtained  by  submitting  either  amylic  alcohol 
or  valeric  acid,  as  well  as  their  higher  homologues,  to  the  action  ot 

heat. 

A  glance  at  the  formulse  of  the  propylene-compounds,  and  the 
volatile  oils  of  garlic  and  mustard,  viz. 

Chloride  of  propylene         .         .         Cg  H5  CI, 


Bromide  of  propylene 

Iodide  of  propylene 

Garlic  oil    . 

Mustard  oil 

obviously   shows   that  the   same   radical  Allyl,    Cg  H5,   may   be 
assumed  to  exist  in  all  these  compounds. 


CgllgBr, 
Ce  Hg  I, 
Cg  H5  S, 
CgH,C,NS„ 
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This  relation  did  not  escape  Mr.  Reynolds,  who,  in  his 
memoir  published  about  six  years  ago,*  distinctly  sets  forth  the 
probability  of  the  transformation  of  the  chloride  and  bromide  of 
propylene  into  the  oils  of  garlic  and  mustard  by  the  action  respec- 
tively of  the  sulphide  and  sulpliocyanide  of  potassium.  The  ex- 
perimental accomplishment  of  this  idea  was  however  reserved  at 
a  later  period  to  Messrs.  Berthelot  and  De  Luca,  and  to 
M.  Zinin.  In  fact,  these  chemists  demonstrated  that  the  action 
of  iodide  of  propylene  upon  the  sulphocyanides  of  potassium  or 
silver,  gives  rise  to  an  oil  which  is  absolutely  identical  with  that 
furnished  by  distilling  with  water  the  seeds  of  the  common 
mustard  {Sinapis  nigra). 

The  admission  of  a  radical  allyl  (CgHg)  analogous  to  ethyl  (C^  Hj), 
establishes  a  perfect  analogy  between  the  compounds  derived  from 
propylene  and  glycerin,  and  the  several  terms  of  the  ethyl-series. 


Ethyl -series. 

C^H^Cl     . 

.     Chloride     . 

Allyl -series. 

.     CeH^Cl. 

C^H^Br    .         . 

.     Bromide     ; 

•     CgH^Br. 

C4H5I       .         . 

.     Iodide 

.     CgH^I. 

C4  H5  S       .         . 

C,H5,C2NS2    . 

.     Sulphide    . 

.     Sulpliocyanide    . 

.     Alcohol 

.             Cg     Hg     S. 

.     Aldehyde   . 
.     Acid 

.        .     CgH.O,. 

There  yet  remained  the  key-stone  to  be  inserted  into  this  edifice, 
in  other  words,  there  was  to  be  discovered  the  alcohol  to  which 
not  only  all  the  preceding  compounds  could  be  referred,  but  which 
might  serve  in  producing  a  long  series  of  substances  analogous  to 
the  host  of  compound  ethers  derived  from  common  alcohol. 

After  many  attempts,  which  remained  long  unsuccessful  on 
account  of  the  facility  Avith  which  this  class  of  bodies  is  altered, 
we  at  last  succeeded  in  obtaining,  not  only  the  alcohol  and  ether 
of  this  series,  for  which  we  have  adopted  the  name  of  the  "Allyl- 
series,"  but  also  a  very  considerable  number  of  compound  ethers, 
and  some  of  their  derivatives.  In  order  to  arrive  at  this  result, 
we  have  submitted  a  number  of  silver-salts  to  the  action  of  iodide 
of  allyl,  expecting  to  obtain  by  double  decomposition  iodide  of 
silver  and  a  compound  ether,  from  which  it  would  be  possible 
afterwards  to  extract  the  alcohol.  The  silver-salts  are  in  general 
powerfully  attacked  by  iodide  of  allyl,  but  comparatively  few  of 
the  products  obtained  in  this  reaction  are  themselves  appropriate 
for  the  separation  of  allylic  alcohol.  The  most  satisfactory  results 
we  have  obtained  with  oxalate  of  allyl.  Iodide  of  allyl  acts  very 
energetically  upon  oxalate  of  silver.  After  several  hours^  digestion 
at  100°,  which  is  most  conveniently  accomplished  in   the  presence 

*  Quarterly  Journal  of  the  Chemical  Society,  vol,  iii.  p.  111.  1851. 
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of  anhydrous  ether,  the  reaction  is  completed.  The  oxalate  of 
allyl  furnished  by  this  process  can  be  easily  purified ;  on  filtering 
the  ethereal  liquor  from  the  iodide  of  silver  and  distilling,  the 
ether  passes  over  first,  the  temperature  then  rises  rapidly,  and 
between  205°  and  207°,  a  colourless  transparent  liquid  distils  over, 
which  is  the  oxalate  of  allyl.  According  to  oar  analysis,  this 
ether  contains 

When  once  the  oxalate  of  allyl  has  been  procured,  nothing  is 
easier  than  to  separate  from  it  the  allylic  alcohol.  It  is  only 
necessary  to  treat  this  product  with  an  excess  of  dry  ammonia, 
by  which  ox  amide  and  the  allylic  alcohol  are  obtained,  according 
to  the  following  equation : — 

2C6 II,,  C,  O3  +  2H3N  =  (C,  0,)H,N,  +  2(C6  H,  O,  HO), 

Oxalate  of  allyl.  Oxainide.  Allylic  alcohol. 

a  result  in  perfect  accordance  with  the  reciprocal  action  of 
ammonia  and  oxalic  ether  :-^ 

2C,H5,C,03  +  2H3N  =  (C,  OJ  H,  K  +  S(C,H,0,HO). 

Oxalic  ether.         '  '  '        Oxamide.  '      Ethylic  alcohol. 

The  alcohol  separated  by  distillation  from  the  oxamide  is  not 
absolutely  pure ;  it  may  retain  water  and  ammonia ;  a  simple 
rectification  from  anhydrous  sulphate  of  copper  is  sufiicient  to 
render  it  perfectly  pure. 

Allylic  alcohol  is  a  colourless,  very  mobile  liquid,  possessing  a 
pungent  odour,  recalling  at  the  same  time  that  of  common  alcohol 
and  of  mustard  oil.  It  boils  at  103°  C.,"^  and  is  combustible,  but 
burns  with  a  far  more  luminous  flame  than  ordinary  alcohol.  Its 
fl^avour  is  spirituous  and  pungent.  Water,  alcohol,  and  wood- 
spirit  dissolve  it  in  all  proportions. 

*  Here  may  be  mentioned  an  observation  only  lately  made  and  not  yet  further 
elaborated.  At  the  desire  of  Professor  Kopp,  who,  in  the  course  of  his  researches, 
wished  to  enter  more  minutely  into  the  study  of  the  physical  properties  of  allylic 
alcohol,  I  have  reprepared  this  body  on  a  larger  scale,  and  with  particular  care.  The 
liquid  obtained  by  the  decomposition  of  perfectly  pure  oxalate  of  allyl  having  a  con- 
stant boiling  point  of  207^  began  to  boil  as  low  as  90^;  the  boiling  point  was  most 
constant  at  93° ;  at  100°  the  whole  of  the  liquid  had  distilled.  I  would  not  hesitate 
to  ascribe  this  discrepancy  from  the  boiling  point  previously  observed  to  an  error  of 
observation,  that  might  have  occurred  in  the  first  observation,  unless  the  differences 
of  boiling  points  generally  observed  between  the  ethyl  and  allylcompounds,  sug- 
gested rather  a  higher  boiling  point  than  103°  for  allylic  alcohol.  Should  this  lower 
boiling  point  have  been  occasioned  by  a  metamorpho^is  of  this  body  ]  Similar  strange 
and  unexpected  changes  we  have  repeatedly  observed  in  allyl-compounds,  and  espe- 
cially among  the  products  of  decomposition  of  cj-anate  of  allyl.  Further  experi-' 
ments  are  required  to  solve  this  question, 

Dec.  14,  1S57.  A.  W.  H. 


ON   A  NEW  CLASS   OF  ALCOHOLS.  319 

The  analysis*  of  allylic  alcohol  has  led  to  the  formula 

Cg  Hg  Oy 

Accordingly,  allylic  alcohol  has  the  same  composition  as  acetone 
and  propyhc  aldehyde,  from  both  of  which  substances  it  never- 
theless essentially  differs. 

Potassium  and  sodium  attack  allylic  alcohol  energetically,  espe- 
cially if  the  temperature  be  slightly  raised  ;  hydrogen  is  copiously 
evolved,  and  a  gelatinous  substance  is  formed  obviously  analogous 
to  potassium-alcohol,  the  composition  of  which  must  according,^ 
be  represented  by  the  formula  Cg  Hg  KOj.  On  treating  this  last 
product  with  iodide  of  allyl,  much  heat  is  evolved,  iodide  of  potas- 
sium is  deposited  in  abundance,  and  at  the  same  time  there  is 
formed  a  colourless  volatile  liquid,  very  mobile,  lighter  than  water 
and  entirely  insoluble  in  that  menstruum,  which  corresponds 
both  in  composition  and  reactions  to  ordinary  ether.  This  com- 
pound, which  we  will  designate  by  the  term  allylic  ether,  and 
which  boils  at  82°"  C,  also  results  from  the  reaction  of  iodide  of 
allyl  on  the  oxides  of  silver  and  mercury.  The  following  equations 
represent  these  reactions  : — 

Cg  Hg  KO,     +     Cg  Hg  I    =    KI  +  C,,  H,o  O^. 

^  ^ '  ' , ' 


Allyl-potassium-alcoliol.      Iodide  of  allyl.  Allylic  ether. 

2(C6  Hg  I)  +  2AgO  =  2AgI  +  C,^  H.^  O^. 
^ V '  ^ V ' 

Iodide  of  allyl.  Allylic  ether. 

On  treating  ethylic  potassium -alcohol  with  iodide  of  allyl,  or 
allylic  potassium-alcohol  with  iodide  of  ethyl,  iodide  of  potassium 
is  deposited,  a  coloiu'less,  aromatic,  very  volatile  liquid  being 
formed,  which  boils  at  about  64°  C,  and  is  a  mixed  ether  con- 
taining both  the  radicals  ethyl  and  allyl,  and  represented  by  the 
formula 

^10  Hjo  O2  =  C4  Hg,  Cg  Hg,  O2. 

Methyl-,  amyl-  and  phenyl-potassium-alcohols,  when  brought 
in  contact  with  iodide  of  allyl,  furnish  analogous  results. 

By  distilling  allylic  alcohol  with  the  chloride,  bromide,  or  iodide 
of  phosphorus,  the  hydrochloric,  hydrobromic  and  hydriodic 
ethers  of  this  series  are  obtained  with  the  utmost  facility.  Iodide 
of  allyl  obtained  by  this  process,  possesses  all  the  properties  of  the 
iodide  of  propylene  which  is  produced  by  the  action  of  iodide  of 
phosphorus  on  glycerin ;  and  in  a  similar  manner,  the  chloride 
and  bromide  of  allyl,  and  the  chloride  and  bromide  of  propylene, 
are  identical  in  every  respect. 

*  The  analytical  details  are  given  in  the  Philosophical  Transactions  for  1857. 


320  DR.   HOFMANN   AN1>  M.   CAHOURS'   RESEARCHES 

Allylic  alcohol  dissolves  without  coloration  in  concentrated 
sulpliuric  acid,  and  gives  rise  to  a  conjugate  acid  which  forms 
soluble  and  crystalline  salts  with  baryta,  strontia,  and  oxide  of 
lead.  Anhydrous  phosphoric  acid  powerfully  attacks  allylic 
alcohol  at  a  moderate  temperature,  a  colourless  gas  being  disen- 
gaged which  burns  with  a  very  luminous  flame.  Its  analysis  has 
.not  been  made,  but  to  all  appearance  it  is  a  hydrocarbon  repre- 
sented by  the  formula  Cg  H^. 

Allylic  alcohol  is  readily  acted  upon  by  oxidizing  agents.  A 
mixture  of  bichromate  of  potassium  and  sulphuric  acid  attacks 
this  body  with  extreme  violence.  The  products  of  the  reaction 
are  acrolein  and  allylic  acid.  The  same  transformation  is  efi^ected 
by  platinum-black,  though  more  slowly.  Lastly,  this  alcohol, 
when  treated  with  potassa  and  bisulphide  of  carbon,  gives  rise  to 
a  compound  which  crystallizes  in  beautiful  yellow  needles,  resem- 
bling xauthate  of  potassium,  and  to  which  analysis  will  probably 
assign  an  analogous  formula. 

Sulphide  of  Ally  I  (Essence  of  Garlic). — "When  iodide  of  allyl  is 
allowed  to  fall  drop  by  drop  into  a  concentrated  alcoholic  solution 
of  protosulphide  of  potassium,  a  very  energetic  action  ensues,  the 
liquid  becomes  very  hot,  and  an  abundant  crystalline  deposit  takes 
place  of  iodide  of  potassium.  It  is  important  that  the  iodide  of 
allyl  should  only  be  added  gradually,  to  avoid  spirting,  by  which 
a  part  of  the  product  would  be  lost.  As  soon  as  the  action  ceases, 
the  liquid  is  mixed  with  a  slight  excess  of  sulphide  of  potassium ; 
addition  of  water  now  separates  a  light  yellowish  limpid  oil,  pos- 
sessing a  strong  smell  of  garlic.  When  rectified,  this  liquid 
becomes  colourless ;  it  boils  at  140°  C,  and  gives  with  nitrate  of 
silver  a  crystaUine  precipitate  soluble  in  a  boiling  mixture  of 
alcohol  and  water,  and  separating  from  this  solvent  in  the  form  of 
beautiful  white  needles,  absolutely  identical  with  those  which  the 
natural  essence  of  garlic  produces.  Sulphide  of  allyl  also  com- 
ports itself  with  corrosive  sublimate  and  bichloride  of  platinum, 
exactly  like  the  natural  garlic  oil. 

Formula :  C12  H^o  83  =  2C6  H5  S. 

Allylic  Mercaptan. — When  in  the  process  for  the  preparation 
of  the  preceding  compound,  the  protosulphide  of  potassium  is 
replaced  by  the  hydrosulphate  of  sulphide  of  potassium,  a  volatile 
product  is  obtained,  having  a  similar  but  more  ethereal  odour. 
This  substance  acts  witb  energy  upon  oxide  of  mercury,  with  which 
it  forms  a  compound  dissolving  in  boiling  alcohol  and  separating 
from  it  on  cooling  in  tbe  form  of  pearly  scales  of  remarkable 
brilliancy,  which  present  the  greatest  resemblance  to  mercaptide 
of  mercury.  The  liquid  obtained  in  the  above-mentioned  reaction 
boils  at  90°,  and  possesses  a  composition  and  an  aggregate  of  pro- 
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perties  which  closcl}^  resemble  those  of  the  raercaj)tau  of  the  ethjl- 
series,  being  in  fact  the  allylic  mercaptan. 

Formula  :  Cg  Hg  S2. 

This  compound  is  powerfully  attacked  by  nitric  acid,  with  dis- 
engagement of  binoxide  of  nitrogen ;  the  liquid  assumes  a  red 
colour  in  the  same  manner  as  ethylic  mercaptan,  the  product  of 
the  reaction  being  a  peculiar  acid,  analogous  to  ethylosulphurous 
acid,  which  forms  Avilh  baryta  a  salt  crystallizing  in  brilliant 
white  scales. 

SuJphcillylic  Acid.  —  When  allylic  alcohol  is  added  in  small 
quantities  at  a  time  to  about  its  own  volume  of  monohydrated 
sulphuric  acid,  the  mixture  becomes  heated  without  being  sensibly 
coloured.  If  the  acid  liquor  be  diluted  with  about  seven  to  eight 
times  its  volume  of  water,  and  then  neutralized  with  carbonate  of 
barium  in  fine  powder,  there  is  obtained  on  evaporation  a  substance 
which  crystallizes  in  brilliant  white  laminre.  This  salt,  which  is 
formed  under  the  very  same  conditions  as  sulphovinate  of  barium, 
is  represented  by  the  formula 

CgH3,BaS,03. 

Oxalate  of  Alhjl  and  AUyloxamethan. — We  have  previously 
stated  under  what  circumstances  oxalate  of  allyl  is  formed;  we  will 
not  therefore  recur  again  to  its  mode  of  preparation.  Purified  by 
a  simple  rectification,  this  compound  presents  itself  as  a  colourless 
limpid  liquid  of  a  specific  gravity  of  1"05  at  15°"5,  and  boiling  con- 
stantly between  206°  and  207°  C.  (Bar.  0"-754),  possessing  au 
aromatic  odour  recalling  that  of  oxalic  ether,  with  a  faint  admix- 
ture of  the  smell  of  mustard  oil.  A  similar  remai'k  in  fact  applies 
to  all  the  allyl-compounds ;  they  smell  like  the  corresponding  ethyl- 
compounds,  only  somewhat  more  pungent.  When  mixed  with 
water,  oxalate  of  allyl  undergoes  gradual  decomposition,  but  it  is 
much  more  rapidly  decomposed  when  boiled  with  a  solution 
of  caustic  pot assa.  Solution  of  ammonia  attacks  it  rapidly,  and 
transforms  it  into  oxamide  and  allylic  alcohol.  An  alcoholic  solu- 
tion of  ammonia  added  with  caution,  so  as  to  avoid  the  formation 
of  oxamide,  produces  a  substance  analogous  to  oxamethan,  which, 
for  this  reason,  we  shall  designate  by  the  name  allyloxamethan. 
This  substance  separates  in  magnificent  crystals,  when  its  alcoholic 
solution  is  allowed  to  evaporate  spontaneously. 

Potassium  and  sodium  energetically  attack  the  oxalate  of  allyl, 
especially  with  the  aid  of  heat ;  an  evolution  of  carbonic  oxide 
ensues,  whilst  there  passes  over  on  distillation  a  limpid  colourless 
oil  of  an  aromatic  odour  lighter  than  water ;  this  is  in  fact  the 
carbonate  of  allyl. 

Y 
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Formula  of  oxalate  of  allyl :         C^g  H^q  Og  =  SCg  Hg,  C^  Ogi 
Formula  of  allyloxamethan  :     C^q  H,  NOg  =  Cg  H5,  C^  NH2  Og. 

Acetate  of  Allyl. — Iodide  of  allyl,  when  brought  in  contact  with 
acetate  of  silver,  becomes  strongly  heated,  producing  iodide  of  the 
metal  and  a  liquid  of  an  aromatic  odour  which  closely  resembles 
that  of  acetic  ether.  The  crude  product  obtained  in  this  way  is 
not  pure;  it  always  retains  a  certain  quantity  of  the  iodide 
of  allyl,  from  which  it  is  purified  by  one  or  two  rectifications 
over  a  fresh  quantity  of  acetate  of  silver. 

Thus  prepared,  acetate  of  allyl  is  a  colourless  liquid  lighter  than 
water,  possessing  a  pungent  aromatic  smell,  and  boiling  between 
98°  and  100°  C.  Potassa  decomposes  it  at  the  boiling  temperature, 
giving  rise  to  the  formation  of  acetate  of  potassium  and  repro- 
ducing allylic  alcohol. 

Formula  :  Q^^  Hg  O^  =  Cg  H5,  C^  H3  O^. 

Butyrate  of  Allyl. — Iodide  of  allyl  becomes  strongly  heated 
when  brouglit  into  contact  with  butyrate  of  silver;  when  the 
mixture  is  distilled,  an  amber-coloured  liquid  is  collected,  which 
becomes  colourless  by  rectification.  This  liquid  is  oily,  very 
limpid,  lighter  than  water,  boils  at  about  140°  C,  and  has  an 
odour  suggestive  of  butyric  ether.  Concentrated  solution  of 
potassa  decomposes  this  ether  rapidly  when  assisted  by  heat,  pro- 
ducing allylic  alcohol  and  an  alkaline  butyrate. 

Formula  :  C,^  H^^  O^  =  Cg  H5,  Cg  H7  O^. 

Valerate  of  Allyl.  —  Valerate  of  silver  comports  itself  with 
iodide  of  allyl  exactly  like  the  acetate  and  butyrate :  powerful 
reaction,  attended  by  separation  of  iodide  of  silver,  and  generation 
of  an  ethereal  liquid  ;  which  may  be  obtained  pure  by  repeated 
rectification  over  fresh  qviantities  of  valerate  of  silver,  washing 
with  slightly  alkaline  water,  and  digestion  over  chloride  of  calcium. 
Thus  prepared,  valerate  of  allyl  is  a  colourless  liquid  which  boils 
at  \(]:i°,  and  the  aromatic  odour  of  which  recalls  that  of  valerate 
of  ethyl.  It  is  lighter  than  water,  insoluble  in  this  menstruiim, 
but  readily  dissolved  by  alcohol  and  ether.  The  vapour  burns 
with  a  luminous  flame. 

Formula  :  C^g  H^,  O,  =  Cg  H5,  C^^  Hg  O,. 

Benzoate  of  Allyl  may  be  obtained  either  by  the  action  of 
chloride  of  benzoyl  on  allylic  alcohol,  or  by  the  action  of  iodide 
of  allyl  on  benzoate  of  silver.  It  is  a  nearly  colourless  liquid 
M'ith  a  tinge  of  amber,  heavier  than  water,  in  which  fluid  it  is 
insoluble ;     it    possesses  an    aromatic    odour  similar   to    that    of 
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benzoic  ether,  and  boils  at  228°C.  Alcohol,  wood-spirit,  and 
ether  dissolve  it  freely.  A  boiling  aqueous  solution  of  potassa 
decomposes  it,  reproducing  allylic  alcohol  and  benzoic  acid,  which 
unites  with  the  alkali. 

Formula :  C^o  H.o  04  =  0^  H^,  C,,  H^  O,. 

Cyanate  of  AUi/I. — Cyanate  of  silver  is  rapidly  attacked,  even  in 
the  cold,  by  iodide  of  allyl,  the  heat  generated  by  the  reaction 
being  sufficient  to  carry  over  nearly  the  whole  of  the  product. 
By  this  means,  a  colourless,  very  limpid  liquid  is  obtained,  boiling 
at  82'^,  and  possessing  an  extremely  pungent  odour,  which,  like  that 
of  cyanic  ether,  produces  lacrymation  in  a  high  degree.  When 
mixed  Avith  ammonia,  this  substance  rapidly  disappears,  a  gentle 
evolution  of  heat  being  perceptible,  and  the  solution  furnishes  on 
evaporation  a  magnificent  crystallized  body  which  is  the  allylic 
urea.  Ethylamine  liehaves  in  a  similar  manner  with  cyanate  of 
allyl,  and  on  evaporation  beautiful  prisms  of  ethyl-allyl  urea  are 
obtained. 

Formula  of  cyanate  of  allyl :          Cg  Hg  NO2  =  Cg  H^,  C2  NO2. 

We  have  controlled  the  preceding  formula  by  a  determination 
of  the  density  of  the  vapour  of  cyanate  of  allyl. 

The  exj>erimental  vapour  density  was  found  to  be  3'045. 

The  weight  represented  by  the  formula  Cg  Hg  NO2,  divided  by 
the  experimental  density,  furnishes  the  quotient  -j^Vs"  —  27*25. 
For  a  condensation  to  four  volumes  of  vapour,  the  more  accurate 
number  28*92  should  have  been  found.  Thus  it  is  obvious  that 
the  condensation  to  four  volumes  ol^served  for  most  organic  sub- 
stances, obtains  also  with  cyanate  of  allyl.  The  theoretical  density 
of  the  vapoiu'  of  cyanate  of  allyl  is  a^-l-o  ~  2*87. 

Allyl-  Urea. — The  formation  of  this  substance  has  already  been 
mentioned.  On  submitting  a  solution  of  cyanate  of  allyl  in 
ammonia  to  evapoi*atiou,  a  beautifidly  crystallized  coloiu'less  sub- 
stance is  obtained,  which  is  soluble  in  water  and  alcohol. 

Formula :  Cg  Hg  N2  O,  =  Cg  H^,  C2  H3  N2  O2. 

It  differs  from  thiosinnamine  onl)-  in  having  the  sulphur  of  this 
substance  replaced  by  an  equivalent  proportion  of  oxygen.  This 
compound  which  is  prepared  under  conditions  which  determine 
the  production  of  ureas,  presents  all  the  properties  of  this  class 
of  compounds. 

Etliyl-allyl-urea. —  On  replacing  in  the  transformation  of 
the  cyanate  of  allyl,  ammonia  by  solution  of  ethylamine, 
a  series  of  perfectly  analogous  phenomena  is  observed.  On 
cooling,  the  fluid  solidifies  into  a  crystalline  mass,  which  dis- 
solves in  alcohol,  and  separates  from  this  solution  on  evaporation, 

Y   2 
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in  the  form  of  beautiful  prisms    similar   to  those  of  allyl-urea. 
This  substance  is  ethyl-allyl-urea. 

Formula :  C,^  H,^  ^2  O,  =  C,  H.,  C,  II„  C,  H^  N^  O^. 

The  action  of  methylamine,  of  araylaraine,  and  of  aniline  upon 
cyanate  of  allyl,  has  furnished  us  analogous  results.  We  have  not 
submitted  these  products  to  analysis ;  but  their  resemblance  to  the 
preceding  compounds,  and  especially  their  mode  of  formation, 
leave  no  doubt  respecting  their  composition.  These  products,  as 
is  obvious,  belong  to  that  numerous  class  of  compound  ureas  which 
have  been  studied  with  such  remarkable  results  by  M.  Wurtz. 

D/alh/I-iirea  (Sinapoline).  —  When  cyanate  of  allyl  is  heated 
with  water,  it  assumes  a  buttery  consistence  and  ultimately  solidi- 
fies entirely.  The  product  obtained  under  these  circumstances 
possesses  all  the  properties  of  sinapoline,  which,  as  is  known,  is 
formed  by  the  action  of  hydrated  protoxide  of  lead  upon  mustard 
oil,  and  is,  in  fact,  diallyl-urea.  The  properties  of  this  substance 
presenting  complete  identity  with  those  of  sinapoline,  and  its  mode 
of  formation  being  perfectly  similar  to  that  of  dimethyl-  and  diethyl- 
urea,  we  have  not  thought  it  necessary  to  submit  it  to  analysis. 
This  body  is  likewise  formed  when  cyanate  of  allyl  is  boiled  with 
an  aqueous  solution  of  potassa,  with  a  view  of  transforming  it, 
after  the  manner  of  ordinary  cyanic  ether,  into  an  alkaline  car- 
bonate and  an  ammonia-base.  In  this  case,  it  is  necessaiy  to  arrest 
the  action  at  a  certain  point ;  for  if  the  ebullition  be  continued, 
the  sinapoline  is  destroyed  in  its  turn,  producing  carbonate  of 
potassium  and  ammonia-bases.  The  formation  of  sinapoline,  by  the 
reciprocal  action  of  cyanate  of  allyl  and  water,  is  represented  by 
the  following  equation  : — 

2(C3H3N02)  +  2H0  =  ChH.^N.O^  +  200^. 
' V '  ' V ' 

Cyanate  of  allyl.  Sinapoline  or  diallyl-urea. 

Allyl-ammonias . — When  cyanate  of  allyl  is  boiled  with  a  con- 
centrated solution  of  caustic  potassa  until  the  oily  layer  entirely 
disappears,  a  complete  decomposition  ensues,  and  the  residue  con- 
tains only  a  mixture  of  carbonate  of  potassium  with  an  excess  of 
the  alkaline  hydrate ;  the  volatile  products  condensed  in  hydro- 
chloric acid  furnish  a  saline  mass  which  may  be  obtained  crystal- 
lized by  evaporation.  This  substance  is  always  a  mixture,  the 
constituents  of  which  vary  both  in  nature  and  proportions.  The 
action  of  potassa  on  it  always  produces  a  base  which  is  readily 
soluble  in  water,  but  also  basic  oils,  insoluble  in  water,  the  boil- 
ing point  of  Avhich  rises  as  high  as  180°  C.  Simple  distillation  of 
the  liberated  bases  appears  to  give  rise  to  decomposition,  and  thus 
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to  induce  further  complication.  We  have  not  succeeded  in  ascer- 
taining with  perfect  precision  the  nature  of  this  mixture  ;  but  we 
have  found  that  it  invariably  contains  a  considerable  quantity  of  a 
base  which  bears  the  same  relation  to  allylic  alcohol  that  is 
observed  between  ethylamine  and  ordinary  alcohol.  The  forma- 
tion of  this  substance,  which  we  propose  to  designate  allylanune,  is 
perfectly  analogous  to  the  production  of  ethylamine  by  means  of 
cyanate  of  ethyl  : — 

CgHsNOa  +  2(K0,  HO)  =  2KCO3  +  C^  H^N. 

Cyanate  of  ethyl.  Ethylamine. 

C8H5NO2  +  2(K0,  HO)  =  2KCO3  +  CgHyN. 

Cyanate  of  ally L  AUylamine. 

But,  as  we  have  already  said,  the  decomposition  of  the  cyanate 
of  allyl  is  far  from  presenting  the  same  definite  character  as  that 
of  the  corresponding  compound  of  the  ethyl-series.  Since  it  was 
impossible  to  separate  the  mixture  of  bases  by  a  fractional  distilla- 
tion, we  have  determined  the  composition  of  allylamine  by  the 
anah'sis  of  the  platinum-salts. 

Allylamine. — On  adding  solution  of  bichloride  of  platinum  to 
the  hydrochloric  solution  of  the  bases  resulting  from  the  action  of 
potassa  upon  cyanate  of  allyl,  there  is  produced  almost  invariably 
a  pale  yellow  precipitate ;  and  the  solution  filtered  off  from  this 
precipitate,  deposits  on  evaporation  a  magnificent  salt,  crystalliz- 
ing in  brilliant  orange-coloured  needles.  The  pale  precipitate"^ 
varies  in  quantity  and  composition  ;  but  the  second  salt  has  a 
perfectly  definite  and  constant  composition,  it  is  soluble  in  water 
and  may  be  re-crystallized  from  it.  The  analyses  of  samples  of 
different  preparations  led  to  the 

p       TT       \ 

Formula  :  C.  H,  N,  H  CI,  Pt  Cl^  =      ^  H^    N,  H  Cl,Pt  CI2. 

H  j 

The  same  body  is  likewise  formed  by  the  action  of  ammonia 
upon  the  iodide  of  allyl.  On  distilling  the  product  of  this  reac- 
tion with  potassa,  ammonia  is  disengaged ;  but  towards  the  end  of 
the  operation,  an  alkaline  liquid  distils  over,  which  no  longer  con- 
tains ammonia,  and  upon  which  there  floats  a  small  quantity  of  a 
basic  oil.     On  sat\irating  the  aqueous  solution,  together  with  the 

•  From  numerous  analyses,  this  precipitate  appears  to  be  a  mixture  in  variable 
proportions  of  the  platinum-salts  of  ammonia  and  methylamine. 
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oil,  with  hydrochloric  acid,  and  adding  bichloride  of  platinum,  the 
platinum-salt  of  allylamine  separates,  either  directly  if  the  solu- 
tion be  concentrated,  or  gradually  in  magnificent  gold-coloured 
needles,  if  the  liquid  be  gently  evaporated. 

DiaUylamine. — Impure  allylamine,  obtained  either  by  the  action 
of  potassa  on  the  cyanate,  or  of  ammonia  on  the  iodide  of  allyl, 
■when  digested  with  a  second  quantity  of  iodide  of  allyl,  is  rapidly 
changed  into  a  mass  of  hydriodates  of  new  compounds.  This  cry- 
stalline mass  evidently  contains  a  considerable  quantity  of  the 
hydriodate  of  diallylamine ;  but  to  succeed  in  separating  it  from 
this  very  complicated  mixture,  would  have  required  a  considerable 
quantity  of  substance.  We  have  therefore  been  satisfied  to  deter- 
mine by  a  few  experiments  the  existence  of  triallylamine  and  the 
oxide  of  tetrallylammonium. 

Triallylamine. — The  oxide  of  tetrallylammonium,  to  which  we 
shall  presently  allude,  submitted  to  the  action  of  heat,  is  decomposed 
with  liberation  of  a  basic  od.  The  experiment  was  not  made  on  a 
sufficient  scale  to  admit  of  studying  the  complementary  products. 
The  perfect  analogy  of  the  oxide  of  tetrallylammonium  with  the 
corresponding  ethyl-compound,  leaves  no  doubt  respecting  the 
nature  of  the  basic  substance  which  results  from  its  decomposi- 
tion by  the  action  of  heat.  This  body  must  obviously  be  triallyl- 
amine, and  experiment  has  confirmed  this  anticipation.  The  base 
saturated  with  hydrochloric  acid  and  mixed  with  bichloride  of 
platinum,  deposits  a  yellow  platinum-salt,  the  analysis  of  which 
led  to  the 

p       TT       \ 

Formula  :  C^^  Hj^N,  H  CI,  Pt  CI2  =  Cg  hJ  In,  H  CI  +  Pt  CI2. 

Hydrated  Oxide  of  Tetrallylammonium. — The  chief  product  of 
the  action  of  ammonia  upon  iodide  of  allyl  is  a  magnificent  cry- 
stalline compound,  which  is  deposited  from  the  solution  resulting 
fi'om  the  reaction.  We  have  treated  iodide  of  allyl  with  ammonia 
in  sealed  tubes,  but  this  is  not  necessary,  for  iodide  of  allyl  is 
rapidly  attacked  even  by  an  aqueous  solution  of  ammonia  at  the 
common  temperature.  By  a  few  days'  contact,  a  large  quantity  of 
the  iodide  dissolves,  and  the  solution  sometimes  becomes  a  solid 
mass.  If  no  deposition  of  crystals  take  place  from  the  solution, 
it  is  only  necessary  to  add  a  concentrated  solution  of  potassa ;  this 
causes  the  separation  of  an  oily  layer  which  speedily  solidifies. 
The  crystals  thus   formed   are  tlie  iodide  of  tetrallylammonium. 
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which,  like  the  corresponding  compound  of  the  ethyl-  and  methyl- 
series,  is  but  slightly  soluble  in  solution  of  potassa.  It  is  obtained 
pm-e  by  exposing  it  to  the  air  until  the  potassa  is  converted  into 
carbonate,  and  then  recrystallizing  it  from  absolute  alcohol. 

Formula  :  {C^  B^,  N)  I  =  c'  H   (  ^  ^• 

The  iodide,  treated  with  oxide  of  silver,  is  immediately  trans- 
formed into  the  oxide.  This  forms  an  alkaline  solution,  which 
possesses  all  the  properties  of  the  hydrated  oxide  of  tetrethylam- 
monium.  AVhen  it  is  mixed  with  hydrochloric  acid  and  bichloride 
of  platinum,  a  pale  yellow  precipitate  is  obtained,  of  the 

Formula:  {C^  H20N)  CI,  Pt  CI2   =   ^«  ^^  >N  CI,  Pt  CI2. 

c'hJJ 

The  examination  of  the  allylamines  leaves  yet  much  to  be 
accomplished ;  we  have  not  succeeded  in  separating  these  bodies 
from  one  another  with  sufficient  accuracy  to  give  a  precise  account 
of  the  physical  properties  of  the  different  terms  of  this  series ; 
nevertheless,  our  experiments  prove  the  existence  in  the  allyl- 
series  of  four  compounds  analogous  to  the  four  bases  of  the  ethyl- 
series. 

Iodide  of  TetraUylarsonium. — Iodide  of  allyl  attacks  arsenide  of 
potassium,  but  far  less  energetically  than  iodide  of  ethyl;  several 
liquid  compounds,  of  a  very  fetid  odour,  are  produced,  the  boiling- 
points  of  which,  however,  extend  over  so  considerable  a  range  of 
the  scale,  that  we  had  to  abandon  the  idea  of  studying  them.  But, 
at  the  same  time,  a  solid  crystalline  body  is  formed,  which  is 
obviously  iodide  of  tetrallylammonium,  in  which  the  nitrogen  is 
replaced  by  arsenic : — 

4(C6H,)AsL 


Od  taking  a  retrospective  glance  at  the  preceding  results,  it  is 
obvious  that  propylene,  a  homologue  of  olefiant  gas,  is  susceptible 
of  furnishing  a  mono-acid  alcohol  and  its  derivatives,  which  bears  to 
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it  the  same  relation  tliat  is  observed  between  methyl-alcohol  and 
marsh-gas,  or  between  benzoic  alcohol  and  toluol,  the  analogue 
of  marsh-gas  among  the  derivatives  of  the  aromatic  acids.  Tlie 
hydrocarbons  homologous  with,  and  analogous  to  marsh-gas,  the 
homologues  of  olefiant  gas,  and,  indeed,  probably  a  very  consider- 
able number  of  other  similarly  constituted  hydrocarbons,  may  be 
regarded  as  starting-points  for  the  preparation  of  mono-acid 
alcohols  and  of  all  their  derivatives.  All  these  alcohols  are  formed 
by  the  fixation  of  two  equivalents  of  oxygen,  which  oxidation, 
however,  cannot  yet  be  effected  directly,  but  is  accomplished  by  a 
series  of  substitution-processes. 

C2  H^  -1-  O2  =  C2  H^  O2, 

Marsh-gas.  Methyl-alcohol. 

^^14^8    +    O2  =  Cj^HgOj, 

Toluol.  Benzoyl -alcohol. 

CgHg  +  02  =  C6H6  02. 

Propylene.  AUyl-alcohol. 

Olefiant  gas  and  its  homologues  are  capable  of  furnishing  mono- 
acid  alcohols  by  another  reaction,  which  has  not  yet  been  applied 
to  the  series  of  bodies  homologous  with  marsh-gas.  In  fact,  we 
have  learnt  by  the  beautiful  researches  of  M.  Berthelot,  that 
olefiant  gas  and  its  homologues  are  capable  of  being  transformed 
into  alcohols  by  the  absorption  of  two  equivalents  of  water; 
olefiant  gas  furnishes  by  this  reaction  ordinary  alcohol,  and  pro- 
pylene, propylic  alcohol ;  thus — 

2H0  =  C^  He  O2, 

Olefiant  gas.  Ethylic  alcohol. 

C^Hg-f  2HO=:C,H3  02. 

Propylene.  Propylic  alcohol. 

Olefiant  gas,  then,  and  all  of  its  homologues,  are  capable  of 
furnishing  two  mono-acid  alcohols,  exhibiting  slightly  different 
features,  but  presenting  in  all  tlieir  principal  characters  the  most 
obvious  analogies.  The  alcohols  formed  by  fixation  of  water, 
such  as  ethylic  alcohol,  have  been  long  Avell  known  ;  in  fact,  the 
detailed  study  which  has  been  made  during  the  last  quarter  of  a 
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centm y  of  most  of  their  derivatives,  has  exercised  the  most  bene- 
ficial influence  upon  the  development  of  organic  chemistry. 

The  same  remark  does  not  apply  to  the  alcohols  produced  from 
these  same  hydrocarbons  by  fixation  of  oxygen.  The  history  of 
allylic  alcohol,  which  we  have  endeavoured  to  trace  in  the  preced- 
ing pages,  and  to  which  of  late  important  contributions  have  been 
furnished,  moreover,  by  MM,  Bert  he  lot  and  De  Luc  a  and  by 
M.  Zinin,  begins  also  to  throw  light  upon  this  second  group  of 
alcohols.  For  this  reason,  the  discovery  of  alljdic  alcohol  appears 
to  claim  the  attention  of  chemists,  even  had  it  not  assisted  in  fix- 
ing, in  the  system  of  organic  compounds,  the  exact  position  of 
several  very  interesting  natural  products,  viz.  the  sulphuretted  oils 
furnished  by  the  bulbs  of  the  garlic  {Allium  sativum)  and  the  seeds 
of  the  black  mustard  [Sincqns  nigra),  which  it  had  not  been 
possible  up  to  the  present  time  to  group  round  a  similar  centre. 

It  is  highly  probable  that  by  submitting  the  various  hydrocar- 
bons polymeric  with  propylene  to  appropriate  reactions,  other 
alcohols  may  be  obtained  homologous  with  allyl- alcohol.  This 
much  is  certain,  that  by  distilling  a  mixture  of  cyanate  of  silver 
and  bromide  of  amylene  Cj^  HgBr,  a  volatile  liquid  is  obtained, 
which  possesses  an  extremely  irritating  odour,  provoking  lacry- 
mation  like  the  cyanic  ethers.  This  forms  by  contact  with  am- 
monia a  crystallizable  urea,  which,  when  decomposef"  by  potassa, 
yields,  like  cyanate  of  allyl,  bases,  among  which  the  compound 
Cjo  Hjj  N  may  be  traced. 

Allylic  alcohol,  the  history  of  which  we  have  endeavoured  to 
sketch,  forms  the  tl  ird  term  of  a  series  of  alcohols,  which  may  be 
represented  by  the  general  formula, 

^211  Hsn  Og* 

In  fact,  a  group  of  homologous  acids  is  known,  which,  accord- 
ing to  their  composition,  bear  the  same  relation  to  acetic  acid  and 
its  homologues,  that  is  observed  between  our  new  group  of 
alcohols,  and  the  alcohol  series  commencing  with  methylic  and 
ethylic  alcohols.  In  addition  to  acrylic  acid,  angelic  and  oleic 
acids  are  the  best  known  terms  of  this  group  of  acids.  It  is 
possible  that  cyanide  of  allyl  Avhich  is  formed  by  the  double 
decomposition  of  iodide  of  allyl  and  cyanide  of  silver,  but  which 
we  have  not  yet  been  able  to  obtain  in  a  state  of  sufiicient  purity 
to  admit  of  analysis,  may  be  transformed  by  boiling  with  a  solu- 
tion of  caustic  potassa  into  an  acid  homologous  with  acrylic  acid, 
in  the  same  way  as  cyanide  of  propyl  is  resolved  under  similar 
circumstances  into  butyric  acid. 
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The  following  Table  exhibits  in  a  more  conspicuous  manner  the 
two  groups  of  alcohols  and  acids. 


Alcohols. 


Acids. 


C2  H^  O2 

Methylic. 

C4  Hg  O2 

Ethylic 

Cg  Hg  O2 

Propylic. 

Butylic. 

Amylic. 

CaproyUc. 
^14^16  ^2 


^16  H18O2 

Caprylic. 


^36  H38  O2 


C2  H2  O2 


C,H,0, 


Ce  Hg  O2 

Allylic. 

Cg  Hs  O2 


^10^10  O2 

^14  H14O2 
^16  ^^16  ^2 


^36  H36  O2 


C2  H2  04 

Formic. 

Acetic. 

C,  H2  O4 

CeHgO, 

Propionic. 

Acrylic. 

Cg  Hg  O4 

Butyric. 

CgHgO, 

C'ioHio04 
Valeric. 

CioHgO^ 

Angelic. 

C12H12O4 

Caproic. 

^12  Hio  O4 

CEnanthylic. 

C'u  H12  O4 

^16  H16O2 
Caprylic. 

C16H14O4 

^36  H36  O4  €36  H34  O4 

Stearic.  Oleic 


A  glance  at  this  Table  shows  how  very  few  representatives  of  the 
series  of  alcohols  C^^  H^a  ^2'  ^^^  acids  Cgu  ii^n^2  ^4'  l^^ve  as  yet 
been  observed.  The  progress  of  science  will  not  fail  to  fill  up  the 
numerous  gaps. 

Even  now  some  bodies  are  known  which  are  most  intimately 
connected  with  the  preceding  series.  Indeed,  cinnamic  alcohol 
and  cinnamic  acid  belong  to  a  group  of  substances  bearing  to  the 
aromatic  alcohols  and  acids  the  same  relation  which  obtains 
between  the  ally  1-com pounds  and  their  homologues,  and  the 
alcohols  and  acids  of  the  fatty  bodies. 
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Alcohols. 


Acids. 


Benzoic. 

C20  Hj^  O2 

Cuminic. 


C14H6O2 

CioHgOa 

C18  H10O2 
Cinnamic. 

'^20  ^12  ^2 


Benzoic. 
Toluic. 

Cinnamic. 

^20  ^12  O4  C20  Hjo  O4 

Cuminic. 


From  this  table  again  it  is  manifest  hoAv  many  substances 
remain  stDl  to  be  discovered  in  this  direction.  Cinnamic  acid 
contains  two  equivalents  of  In'drogen  less  than  the  acid 
Cjg  Hjo  O4,  which  will  be  discovered  between  toluic  and  cuminic 
acids.  It  stands  to  this  acid  in  the  same  relation  which  is  observed 
between  acrylic  and  propionic  acids. 

The  acids  belongiug  to  the  acrylic  group  all  possess  the  property 
of  being  transformed,  by  fixation  of  two  atoms  of  oxygen  and  two 
of  water,  into  acetic  acid  and  a  second  homologous  acid,  as  is 
shown  by  the  following  equation  : — 

C2nH2n-2  04  +  O2  +  2H0  =  C,  H,  O,  +  C2,_,  H2,,,  O,. 

It  is  thus  that  acrylic,  angelic,  and  oleic  acids  are  resolved,  under 
the  influence  of  hydrate  of  potassa  at  a  temperature  of  200°  C, 
into  acetic  acid,  and  on  the  other  hand  into  formic,  propionic,  and 
ethalic  acids. 

Cinnamic  acid  suffers  under  the  influence  of  potassa  a  perfectly 
analogoiis  transformation.  This  acid  fixes  two  equivalents  of 
water,  and  yields  acetic  and  benzoic  acids. 

In  carrying  out  the  preceding  inquiry,  we  have  been  very  ably 
assisted  by  Mr.  Arthur  H.  Church,  to  whom  our  best  thanks  are 
due. 
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Phys.  [3]  1.  480 ;  Chem.  Gaz.  1857,  430. 
Acid,  Gallic. — On  the  preparation  of  gallic  acid  :  bv  F.  Steer.    Wien. 

Akad.  Ber.  xxii.  249;  Chem.  Gaz.  1857,  123. 
Acid  Hippuric. — On  hippuric  acid:  by    V.   Dessaignes.     J.  Pharm. 

[3]  xxxii.  44. 

On  the  existence  of  hippuric  and  choleic  acids  in  the  suprarenal 

capsules  of  herbivorous  animals :  by  S.  Cloez  and  A.  Vidpian. 
Compt.  rend.  xlv.  340. 

A  ci  d,  Hy  drochloric. — On  the  behaviour  of  the  native  metallic  sul- 
phides with  hydrochloric  acid,  under  the  influence  of  the  elec- 
tric current :  by  J\£.  v.  Kobell.  J.  pr.  Chem.  Ixxi.  146  :  Chem. 
Gaz.  1857,  437. 

Acid  Hydriodic. — Formation  of  the  crystalline  compound  of  hydriodic 
acid  and  phosphuretted  hydrogen:  by  A.  W.  Hofmann. 
Chem.  Soc.  Qu.  J.  x.  210  ;  Ann.  Ch.  Pharm.  ciii.  355. 

On  the    action  of   hydriodic    acid  on    silver :  by    H.    Sfe.  Claire 

Deville.     Ann.  Ch.  Pharm.  ci.  190. 
Acid,  Hydroc  yauic. — Chemical   and    medico-legal    researches   upon 

hydrocyanic  acid  and  its  compounds:  by  O.  Henri/,  Jun.  and 

G.  Humbert.     .J.  Pharm.  [3]  xxxi.  171. 
Acid,  Iltxic. — Ilixanthin    and  ilexic  acid  in  the  leaves  of  iT^'.r  aqui- 
folium:  hj  F.  Moldenhauer.     Ann.  Ch.  Pharm.  cii.  346  ;  Chem. 

Gaz.  1857,  304. 
Acid,  Lactic. — On  lactic  acid  and  some  of  its  salts:  by  A.  Brilning. 

Ann.  Ch.  Pharm.  civ.  191. 
Acid,  Linoleic, — Ou  linoleic  acid :  by  Fdm.  Schiller.  Ann.  Ch.  Pharm. 

ci.  252  ;  Chem.  Gaz.  1857.  126. 
Acid,  Malic. — On    malic    acid:    by    F.    Dessaignes.     J.   Pharm,     [3] 

xxxii.  48. 
Acid,    Margaric.  —  Artificial      preparation   of     margaric   acid:     by 

G.  Becker.     Ann.  Ch.  Pharm.  cii.  209. 
Acid,  Margaric. — On   margaric  acid:  by   W.   Heintz.     Pogg.   Ann. 

cii.  257. 
Acid,  Methylopohosphoric. — On  the  methylophosphoric   acid  :  by 

Higo  Schijf.     Ann.  Ch.  Pharm.  cii.  334. 
Acid,    Methylophosphorous. — On    methylophosphorous   acid  :    by 

Hugo  Schiff.     Ann.  Ch.  Pharm.  ciii.  164. 
Acid,     Munochloracetic.  —  On    mouochloracetate     of    ethyl    and 

moiiochloracetamide  :  by  F.  Wilhn.    Ann.  Ch.  Pharm.  cii.  109> 

On  monochloracetic  acid  :  by  Beinhold  Hoffman.  Ann.  Ch.  Pharm. 

cii.  1. 
Acid,   Nitric. — On  the  action  of  nitric  acid  upon  alcohol  at  common 
temperatures  :  by  H.  Debus.     Phil.  Mag.  [4]  xiii.  50. 
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Acid,  Nitric. — Action  of  sulphuretted  hydrogen  gas  on  nitric  acid:  by 

E.  Kemper.  Ann.  Cli.  Pharm.  cii.  34:2. 
On  some  double  salts  containing  nitric  and  acetic,  and  nitric  and 

formic  acids :  by  JE.  Luchis.     Ann.  Ch.  Pharm.  ciii.  113. 
Acid,  Nitro-hydrochloric. — Action  of  nitro-hydrochloric  acid  upon 

alcohols:  by  H.  Bonnet.     Compt.  rend.  xlv.  386;  Chem.  Gaz. 

1857,  411. 
Acid,  Nitroracemic. — On   nitroraceinic    acid:    by    V.   Dessaignes. 

J.  Pharm.  [3]  xxxii.  46. 
Acid,  Nitrotartaric. —  On    nitrotartaric    acid:    by    V.    Dessaignes. 

J.  Pharm.  [3]  xxxii.  45. 
Acid,  Nitrous. — Formation    of  nitrous     acid    from    ammonia:     by 

K.  Tidtle.     Ann.  Ch.  Pharm.  ci.  283  ;  Chem.  Gaz.  1857,  199. 
On  a  peculiar  mode  of  production  of  nitrous  acid  :  bv  F.  Sch'nbem. 

Berl.  Akad.  Ber.  1856,  580;  Chem.  Gaz.  1857,  111 ;  Pogg.  Ann. 

c.  292. 

Preparation  of  nitrous  acid   from    ammonia :    by    F.    Sch'unhein. 

Pharm  J.  Trans,  xv'ii.  210. 
Acid,  Oxalic. — On  the  constitution   and  rational   formula  of  oxalic 

acid:  by  ^.  Wurtz.     J.  Pharm.   [3]  xxxii.   81;  Compt.  rend. 

xlii.  1306  ;  Chem.  Gaz.  1857,  341. 
Acid,  Oxalic. — On  the  action  of  oxalic  acid  upon  sugar:  hj  P.  J.  v. 

KerMoff.     J.  pr.  Chem.  Ixix.  48  ;  Chem.  Gaz.  1857,  26. 
Acid,  Pectolactic. — See  Acid,  GaUactic. 
Acid,  Phloretic. — On  phloretic  acid:  by  H.  Hlasiwetz.     Ann.  Ch. 

Pharm.  cii.  145. 
Acid,  Phosphatic. — On  the  so-called  phosphatic  acid:  hy  M.  Pagels. 

J.  pr.  Chem.  Ixix.  24  ;  Chem.  Gaz.  1857,  34. 
Acid,  Phosphoric. —  Determination  of  phosphoric  Acid  in  presence  of 

iron  :  by  H.  Arendt  and  W.  Knop.     J.  pr.   Chem.   Ixix.  415  ; 

Chem.  Gaz.  1857,  51. 
New  method  of  estimating  phosphoric  acid  :  by  W.  Knop.     J.  pr. 

Chem.  Ixix.  401;  Pharm.  J.  Trans,  xvi.  431. 

On  the    separation  of  phosphoric    acid    from    alumina  and  ses- 

quioxide  of  iron  :  by  W.  Mayer.     Ann.  Ch.  Pharm.  ci.  129. 

On   the   amides  of  phosphoric  acid  :    by  Hugo  Scliiff.     Ann.  Ch. 

Pharm.  ci.  299;  ciii.  168. 
On  the  proportion  of  phosphoric  acid  to  nitrogen  in  certain  seeds  : 

by   W.  Mayer.     Ann.    Ch.   Pharm.  ci.  129  ;  Ann.  Ch.   Phys. 

[3]    1.   185 ;  Eemarks  by   M.  Boussingaidt.     Ann.  Ch.  Phya. 

[3]  1.  479. 
Acid,  Picric. — On   the  detection  of  picric  acid:    by  .F.  /.  Otto.  Ann. 

Ch.  Pharm.  cii.  67  ;  Chem.  Gaz.  1857,  292.  * 
Acid,  Pimelic. — Onpimelic  acid  and   some  of  its  compounds:  by  ^. 

Marsh.     Ann.  Ch.  Pharm.  civ.  121. 
Acid,  Pyro  gallic. — On  pyrogallic  acid  :  bv  J".  Lielig.  Ann.  Ch.  Pharm. 

ci.  47;  Chem.  Gaz.  1857,  47 ;  Ann.  Ch.  Phys.  [3]  1.  485. 
Eesearches    on  pyrogallic   acid  :  by  A.  JRosing,     J.    Pharm.  [3] 

xxxii.  53  ;  Compt.  rend.  xliv.  1149  ;  Chem.  Gaz.  1857,  284. 
Acid,  Salicylic. — On  the  action  of  sulphuric   acid  upon    anisic  and 

salicylic  acids  :  by  -4.  W.  Hofmann.     Proc.  Eoy.  Soc.  viii.  494 ; 

Chem.  Gaz.  1857,  316. 
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Acid,    Salicylous.  —  On    a    new    anilide    of    salicylous    acid:    by 

L.  Scliisclikoff.     Compt.  rend.  xlv.  27. 
Acid,  Sebacic. — On  some  products  of  the  decomposition  of  sebate  of 

lime  :  by  T.  Petersen.     Ann.  Ch.  Pharm.  ciii.  184. 
Acid,  Silicic. — See  Silica. 

Acid,  Succinic. — On  tlie  action  of  succinic  and  nitric  acids  upon  gly- 
cerin: by  J'.  31.  van  Bemmelen,.  J.  pr.  Chem.  Ixviii.  84  ;  Cliem. 

Gaz.  1857,  70. 
Acid,  Sulphobenzoic. — On  sulphobenzoic  acid:  hj H.  LimprieM  and 

L.v.  Uslar.     Ann.  Ch.  Pharm.  cii.  239. 
Acid,  Sulphosalicylic, — On  conjugated  acids,  and  especially  on   sul- 

phosalicylic  acid  :  by  O.  Mendius.     Ann.  Ch.  Parm.  ciii.  39. 
Acid,  Sulphomesitylic. — -Notes  on  sulpliomesitylic  acid  :  II.  Hlasi- 

loetz.     Wien.  Akad.  Ber.  18oG ;  Chem.   Gaz.  1857,  71;  J.  pr. 

Chem.  Ixix.  365. 
Acid,  Sulphuric. — iManufacture  of  sulphuric  acid  from  gypsum :  by 

Otto  Kohsel.     Chem.  Gaz.  1857,  140;  Pharm.   J.   Trans,  xvii. 

32,  215. 
On  a   compound   obtained   by    the   action    of  fuming   sulphuric 

acid  on  chloride  of  phenyl :  by  L.  Sutchings.     Chem.  Soc.  Qu. 

J.  X.  102. 
——  On  compounds  obtained  by  the  action  of  anhydrous  sulphuric  acid 

on  the  chlorides   of  hydrogen  and  ethyl :  by  R.  Williamson 

Chem.  Soc.  Qu.  J.  x.  97. 
On  certain  laws  observed  in  the  mutual  action  of  sulphuric  acid 

and    water :    by   Balfour  Stewart.    Proc.   Eoy.   Soc.   Ed.   iii. 

482. 
On  sulphuric  Acid  containing  fluorine,  and  on  its  purification  :  by 

J.  NicUes.     J.  Pharm.  [3]  xxxii.  210 ;  Compt.  rend.  xlv.  250. 
On  the  action  of  sulphuric  acid  on  the  nitriles  and  amides,  with 

remarks  on  conjugated  sulphuric  acids :  by  O.  B.  BucTcton  and 

A.  W.  Kofinann.     Ann.  Ch.  Phys.  [3]  xlix.  497. 
Acid,   Tannic. — Occurrence  of  tannic  acid  in  plants  :  by  H.  Karsten. 

Berl.   Akad.  Ber.  1857,  71;  Pharm.  J.  Trans,  xiii.  174. 
Acid    Tantalic. — See  Tantalum. 
Acid  Tartaric. — On  the  compounds  of  tartaric  acid  with  saccharine 

matters:    by  J/.   Berthelot.     Compt.  rend.   xlv.  268;    Chem. 

Gaz.  1857,  441. 
Production  of  tartaric  and  citric  acids  :  by  Mr.  Bontifex.     Pharm. 

J.  Trans,  xvi.  431. 
Acid,  Uric. — Simple  reaction  for  the  detection  of  uric  acid:    by  Brof. 

Scherer.     J.  pr.  Chem.  Ixx.  406;  Chem.  Gaz.  1857,  455. 
On   some    new    reactions  of  bodies  of  the  uric  acid   group :  by 

H.  Hlasiivetz.     Ann.  Ch.  Pharm.  ciii,  200. 
Acid  Valerianic. — On  the  preexistence   of  valerianic  acid   in   fresh 

valerian  root :  by  M.  Bierlot.     Compt.  rend.  xliv.  782. 
Acid,  Yanadic. — See  Vanadium. 
Acids. — Action  of  acids  upon   glass  :  by  J.   NicJcles.      Compt.   rend. 

xliv.  679  ;  Chem.  Gaz.  1857,  238  ;  J.  Pharm.  [3]  xxxi.  334. 
Estimation  of  acids  in  coloured  liquids ;  by  A.  Midler,     Pharm. 

J.  Trans,  xvi.  429. 

On  the  action  of  pentachloride  of  phosphorus  on  some  inorganic 
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acids :  by  Suffo  Schiff.     Ann.  Ch.  Pharm.  cii.  Ill ;  Chem. 

Gaz.  1857,  393. 
Acids. — On  the  compounds  of  glj'cerin  witb  hydrochloric,  hydrobromic, 

and  acetic  acids :  by  M.  Bertlielot  and  S.   de  Luca.     Compt. 

rend.  xlv.  178  ;  Chem.  Gaz.  1857,  362. 
On  the  direct  combination  of  hydracids  with  the  alcholic  hydro- 
carbons :  by  M.  JBertlielot.     Compt.  rend.  xliv.  1350 ;  Chem. 

Gaz.   1857,  351;  J.   Pliarm.   [3]  xxxii.   90;  Ann.  Ch.  Phys. 

[3]  li.  81 ;  Ann.  Ch.  Pharm.  civ.  184. 
On   the   rational  constitution   of  the   fatty  and   aromatic  acids, 

aldehydes,  ketones,  &c.,  and  their  relations  to  carbonic  acid : 

by  H.  Kolhe.     Ann.  Ch.  Pharm.  ci.  257. 
Researches  on   the   amidogen-acids   of    the  monobasic  acids  :  by 

A.  Cahours.     Compt.  rend.  xliv.  567 ;  Chem.  Gaz.  1857,  224. 
Acids,  Conjugated. — On  conjugated  acids,  and  especially  on  sulpho- 

salicylic  acid  :  by  A.  Ifendius.     Ann.   Ch.  Pharm.  ciii.  39. 
Acids,  Fatty. — On  the  artificial  production  of  an  acid  belonging  to 

the    fatty   acid   series,   containing  34    atoms   of    carbon  :    by 

TV.  Seintz.     Berl.  Akad.  Per.  1857,  417  ;  Chem.   Gaz.  1857, 

447  ;  Pharm.  J.  Trans,  xvii.  318. 
• On  the  solid  fatty  acid  in  cod-liver  oil:  by   Dr.   Luck.     Chem. 

Gaz.  1857,  200. 
Acids,   Inorganic. — Action  of  iodide  of  ethyl  on  the  silver-salts  of 

some  inorganic  acids :  by  H.  B.  JVason.     Ann.    Ch.  Pharm. 

civ,  126. 
Acids,    Organic. — On   a   new    series   of    organic    acids    containing 

nitrogen  :  by  -E".   FmnTclcmd.     Phil.  Trans.  1857,  59. 
— —  On  the  movement  of  the  floating  crvstals  of  some  organic  acids  : 

by  A.  Scliefczik.     Phil.  Mag.  [4]  xiii.  149. 
Acids,  Organothionic. — On  a  new  series  of  organo-thionie  acids: 

by  J.  T.  Hohson.     Chem.  Soc.  Qu.  J.  x.  55,  243 ;    Ann.    Ch. 

Pharm.  cii.  73. 
Aesculin. — On  gesculin:  by  F.  Roclileder.     J.  pr.    Chem.  Ixix.  211; 

Chem.  Gaz.  1857,  27. 
Agriculture. — On  the    application    of    sewage  to   agriculture  :    by 

D.  amphell.     Chem.  Soc.  Qr.  J.  x.  272 ;    Pharm.  J.  Trans. 

xvi.  xvii.  23. 
Air. — Composition  of  the  air  on  the  high  prairie:  hy  J.  Schiel.     Ann. 

Ch.  Pharm.  ciii,  120. 
Inquiries  into  the  quantities   of  air  inspired  throughout  the  day 

and  night,  and  under  the  influence  of  exercise,  food,  medicine, 

temperature,  &c. :  by  E.  Smith.     Proc.  Hoy.  Soc.  viii.  451. 
Remarks  on  the  composition  and  temperature  of  the  air  in  apart- 
ment devoted  to  the   rearing  of  silkworms  :    by  M.  Dumas. 

Compt.  rend.  xlv.  281. 
Volumetric   estimation    of    carbonic   acid  in   the  air  :    by   Max 

BeticnUfer.     Chem.  Soc.  Qu.  J.  x.  292. 
Air-pump. — Tait's  double-acting  air-pump.     Pharm.    J.  Trans,   xvii. 

35. 
Alanine. — On   Icucin   and   alanine  :    by  H.   Limpricht.      Ann.    Ch. 

Pharm.  ci.  295;  Chem.  Gaz.  1857,  203. 
Albumin. — On  the  nou-existoucc  of  albumin  in  normal  urine,  and  on 
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the  uncertainty  of  the  action  of  chloroform  as  a  reagent  for 

albumin:  by  A.  Becqicerel.     Coinpt.  rend.  xlv.  899. 
Albumin. — Preservation  of  white  of  egg.     J.  Pharm.  [3]  xxxi.  268. 
Alcohol. — Action  of  aqua-regia  upon  alcohol :  by  H.  Bonnet.     Compt. 

rend.  xlv.  386;  Chem.  Gaz.  1857,  411. 
Examination  of  alcoholic  liquids  with  the  view  of  detecting  their 

origin :  by  H.  Molnar.     J.  Pharm.  [3]  xxxii.  396. 
>  On  some   products  of  the   oxidation   of  alcohol:  by   S.  Debus. 

Ann.  Ch.  Pharm.  cii.  20. 
On  the  action  of  chlorine  upon  alchol :  by  A.  Liehen.      Compt. 

rend.  xliv.  1345;  Chem.    Gaz.   1857,  307;  Ann.  Ch.  Pharm. 

civ.  114. 
On  the  action  of  nitric  acid  upon  alcohol  at  common  temperatures  : 

by  H.  Debus.     Phil.  Mag.  [4]  xiii.  50. 
Alcohols. — On  a  new  class  of  alcohols  :  by  A.  Oahours  and  A.   W. 

Mofmann.     Phil.  Trans.  1857,  1  ;  Ann.   Ch.  Pharm.  cii.  285  ; 

Chem.  Soc.  Qu.  J.  x.  316  ;  Ann.  Ch.  Phys.  [3]  1.  432  ;  Proc. 

Eoy.  Soc.  viii.  511 ;   Chem.  Gaz.  1857,  337. 
On  polyatomic  alcohols  :    by  M.  BertJielot.     Compt.    rend.  xlv. 

175. 
Synthesis  of  wood-spirit :    by  M.  Berthelot.     Compt.   rend.   xlv. 

916. 
Aldehyde. — On  aldehyde  and  chloride  of  acetyl :  \)j  A.  Wurtz.     Ann. 

Ch.  Phys.  [3]  xlix,  58  ;  Ann.  Ch.  Pharm.  cii.  93. 
On  a  modification  of  the  acid   sulphite  of  aldehyde-ammonia :  by 

T.  Petersen.     Ann.  Ch.  Pharm.  cii.  324 ;  Chem.   Gaz.  ISdf, 

233. 
On  the  decompositions  of  the  aqueous  solutions  of  the  bisulphite 

of  aldehyde-ammonia  by  heat :  by  T.  Petersen.     Chem.  Gaz. 

]857,  232. 
Aldehydes. — On  some  new  products  from  the  compounds  of  aldehydes 

with  bisulphite   of  ammonia:  by  T.   Petersen.     Chem.  Gaz. 

1857, 181. 
On  the  connection  of  the  aldehydes  with  the  biatoniic  alcohols : 

by  A.  Engelhardt.     Bull,  de  St.  Petersb.  xvi.  50 ;  Chem.  Gaz. 

1857,  421. 
On  the  conversion  of  aldehydes  into  alcohols :  by  H.  Limpriclit. 

Ann.  Ch.  Pharm.  ci.  291. 
On  the  rational   constitution   of  the  aldehydes  :    by   H.    Kolbe. 

Ann.  Ch.  Pharm.  ci.  257. 
Algas. — On  the  saccharine  matter  of  certain  algae:  by  L.  Soubeiran. 

J.  Pharm  [3]  xxxi.  219. 
Alizarin. —  Preparation  of  alizarin.     J.  Pharm.  [3]  xxxi.  267. 
Alkaloids. — On  a   new   alkaloid   from    Cojiium    maciilatum  :    by   S. 

Wertheim.     Ann.  Ch.  Pharm.  c.  328. 
On  the  optical    characters   of  certain    alkaloids    associated  with 

quinine,  and  on  the  sulphates  of  their  iodo-compounds :    by 

W.  B.  Rerapath.     Proc.  Roy.  Soc.  viii.  340. 
Researches  on  the  cinchona  alkaloids  and  their  saline  compounds  : 

by  J.  E.  de  Vrij.     J.  Pharm.  [3]  xxxi,  183. 
Allotropy. — On  the  connection  of  catalytic  phenomena  with  allotropy  : 

by  G.  F.  Schonbein.     Phil.  Mag.  [4]  xiii.  248,  440. 
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Alloxan. — On  alloxan:  by  V.  Dessaignes.     J.  Pliavm.  [3]  xxii.  39. 
Allo3^ — Metallic   alloy   for   the  formation  of  medals,   small  figures, 

Sic.  :  by  M.  V.  Bihra.     Cham.  Gaz.  1857,  4G0. 
Aloine. — Note  on  aloine  :  hj  Mr.  Groves.     J.  Pharm.  [3]  xxxi.  867. 
Alum. — Alum  in  bread.     Pharm.  J.  Trans,  xvi.  559 — 559,  611. 
— —  Notes  on  alum  and  bread,  and  its  detection:  by  E.  A.  Hadow. 

Chem.  Soc.  Qu.  J.  x.  103 ;  Pharm.  J.  Trans,  xvii.  237. 
Improvements  in  the  manufacture  of  sulphate  of  alumina  and  of 

alum :  by  H.  D.  Poclim.     Pharm.  J.  Trans,  xvii.  327. 
Alumina,. — Artificial  formation  of  colourless  crystals  of  alumina:  by 

A.  Gaudin.     Compt.  rend.  xliv.  716  ;  Ann.  Ch.  Pharm.   ciii, 

92. 
Determination  of  alumina  and  se?quioxide  of  iron  :  by  Dr.  Grdqer. 

Arch.  Pharm.  cxl.  300  ;  Chem.  Gaz.  1857,  437. 
Determination  of  the  amount  of  alumina   and    silica   in   Lycopo- 

dium   denticulatum :  by  F.  H.   Grafen.     Ann.    Ch.  Pharm.   c. 

297. 
Aluminium. — On  chloroplatinate  of  aluminium:  by  the  Prince  ofSalm- 

Horstmar.    Pogg.  Ann.  xcix.  638. 
On   the  iodide   of  aluminium:    by  B.    Weher.     Pogg.   Ann.    ci. 

465. 
On  the  action   of  some  reagents  upon  aluminium  in  the  dry  vray  : 

by  C.  and  A.  Tissier.     Corapt.    rend,    xliii,    1187;  xliv.  64; 

Chem.  Gaz.  1857,  88. 
On  the  anomalies  pr-esented  by  aluminium  :  by  G.  Tissier.     Compt. 

rend.  xlvi.  350;  Chem.  Gaz.  1857,  114. 
On  the  chemical  properties  of  aluminium  and  the  change  of  its 

affinities  with  temperature  :  by  H.  Deville.      Compt.  rend. 

xliv.  19. 
On  the  electrical  relations  of  aluminium  :  by  S.  Puff.     Ann.  Ch. 

Pharm.  cii.  265. 
On  the  formation   of  sulphide  of  aluminium  :  by  C.   W.  Vincent. 

Phil.  Mag.  [4]  xiii.  100. 
On   the   reduction    of  various     solutions     by   aluminium  :    by 

S.  Masson.     Compt.  rend.  xliv.  1217. 
Amalgam. — See  Mercury. 
Amides. — On  monochloracetamide :  by  E.  Willm.     Ann.  Ch.  Pharm. 

cii.  109. 
On  the   amides  of  molvbdenum :  by  K.    Tuttle.      Ann.    Chem. 

Pharm.  ci.  285 ;  Chem.  Gaz.  1857,  186. 
On  the  amides  of  pliosphoric  acid  :  hj  Hugo  ScJiiff.     Ann.  Chem. 

Pharm.  ci.  299  ;  ciii.  168. 
Researches  on  monochloracetic  ether  and  monochloracetamide  :  by 

E.  Willm.     Ann.  Ch.  Phys.  [3]  xlix.  97. 
Amidogen. — Researches  on  the  amidogen  acids  of  tha  monobasic  acids  : 

by  A.  Cahours.      Compt.  rend.  xliv.  567 ;  Chem.  Gaz.  1857, 

224. 
Ammonia. — Formation  of  nitrous  acid  from  ammonia:  by  ^.  Tuttle. 

Ann.  Ch.  Pharm.  ci.  283 ;  Chem.  Gaz.  1857,  199. 
jMode  of  forming  the  ammonio-iodides  of  metals  :  by  J.  K.  Meade. 

Pharm.  J.  Trans,  xvii.  221. 
On  a  new  series  of  compounds  derived   from   ammonia  and  its 
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analogues :    bj  JE.  Fmnkland.      Proc.  Eoy.    Soc.  viii.  502  ; 
Chem.  Gaz.  1857,  335. 
Ammonia. —  On  a  peculiar  decomposition  of  the  sulphite  of  ammonia  : 
by  F.  Bochleder.     Wien.  Akad.  Ber.  xxii.  289  ;  Chem.  Gaz. 
1857,  110. 

On  certain   double   compounds   of  ammonia  and   chromium :  by 

a  W.  Vincent .     Phil.  Mag.  [4]  xiii.  19].. 

On  the  aminoniacal  compounds  of  cobalt :  by  J.  F.  Gentele.    J.  pr. 

Chem.  Ixix.  129. 
Eesearches   on    the   ammonio-cobalt   bases  :    by   W.    Gibhs  and 

F.  Genih.    Sill.  Am.  J.  [2]   xxiii.  23J.,   319;  xxiv.  86;  Chem. 

Gaz.  1857, 141, 165,  181,  250, 266,  383,  404 ;  Ann.  Ch.  Pharm. 

civ.  150. 
On  the   formation   of  arsenite   of  ammonia :    hj    V.   de  Ziuynes. 

Compt.  rend.  xliv.  1353,  Chem.   Gaz.  1857,  414. 

On  the  quantity  of  ammonia  in  dew  produced  by  artificial  congela- 

tion :  by  jSL.  Boussingault.     Compt.  rend.  xliv.  1039. 
On  the  preparation  of  phosphorus,  glue,  and  sal-ammoniac :  by 

F.  Gentele.     Pharm.  J.  Trans,  xvii.  207. 
Amyl. — Hydride  of  amy  I:  by  T.   and  H.  Sftiifh.     Pharm.   J.   Trans. 

xvi.  604. 
On  amylic    alcohol :    by    SclilagdenhauJJ'en.     J.   Pharm.   [3]  xxx. 

401 ;  Chem.  Gaz.  1857,  151. 
Amylene. — Expei'iments    on    amylene,  a  new  anaesthetic  agent:    by 

M.  Buroy.     J.  Pharm.  [3]  xxxvii.  323. 

On  amylene  as  an   anaesthetic  agent :  by  Dr.  Snoiv.     Pharm.  J. 

Trans,  xvi.  427. 
Analysis. — On  some  analytical  processes  applicable  to  mineralogical 

investigations :    by  M.  Barreswil.      Compt.   rend.  xliv.   677  ; 

Chem.  Gaz.  1857.  291 ;  J.  Pharm.  [3]  xxxi.  342. 
On   some    remarkable    circumstances    tending    to    disguise    the 

presence  of  various  acids  and  basis  in  chemical  analysis :  by 

John  Spiller.     Chem.   Soc.   Qu.   J.  x.  110 ;  Pharm.  J.  Trans. 

xvii.  282. 
On  the  use  of  the  prism  in  qualitative  analysis  :  by  J.  H.  Gladstone. 

Chem.  Soc.  Qu.  J.  x  79. 
Use  of  smoked  capsules  in  chemical   analysis :  by  S.    Violette. 

Compt.  rend.  xlv.  963. 
Analysis,  Organic.  —Gas  apparatus  for  organic  analysis  :  by  J.  Leli- 

mann.     Ann.  Ch.  Pharm.  cii.  189. 
Analysis.  Volumetrie. — On  a  new  volumetric  method  for  the  determi- 
nation of  copper:  by  F.  O.  Broii>n.     Chem.  Soc.  Qu.  J.  x.  65. 
A  nsethesia. —  On  the  decomposition  of  ether  and  the  formation  of  car- 

buretted   gases  during  anaesthesia :    by  M.  Ozanam.  Compt. 

rend.  xlv.  348. 
Anaesthetics. — Experimental   researches    on  anaBsthetics  ;    by  MM. 

Foucher  and  M.  Bonnet.     Compt.  rend.  xlv.  333. 

On  some  new  anaesthetic  agents  ;    amvlene,  carbonic  acid,    car- 

bonic oxide.     J.  Pharm.  [3]  xxxi.  307,  394,  467. 
A.niline. — New  method  of  preparing 'aniline  from  iiitrobenzol.     Ann. 
Ch.  Pharm.  cii.  127. 
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Aniline. — On   a   new  anilide  of  salic3iou3   acid:]  by  Z.    Sc'nischlcoff. 

Conipt.  rend.  xlv.  272. 
Animal  Substances. — On  the  products  of  the  destructive  distillation 

of  animal  substances  (Part.  IV.) :  by  T.  Anderson.     Ed.  Phil. 

Trans,  xxi.  pt.  4,  p.  571 ;  ahstr.  Proc.  Eoy.  Soc.  Ed.  iii.  505. 
Antimony. — Iodide   of  antimony  :  Pharm.  J.  Trans,  xvi.  402. 
• On  some  gold  and  platinum  bases  containing  antimony  :  by  A.  W. 

Sofmann.     Ann.  Ch.  Pharm.  ciii.  357 :  Proc.  Eoy.  Soc.  viii. 

500 ;  Chem.  Gaz.  1857,  333. 
On  the  atomic  weight  of  antimony:  by  W.  P.  Dexter. 'Po^g.  A.\xn. 

c.  563. 
■ On  the  preparation  of  a  beautiful  crimson  antimonial  cinnabar :  by 

H.  Bottger.  Chem,  Oaz.  1857,  275  ;  Pharm.  J.  Trans,  xviii.  211. 
On  antimony  free  from  arsenic  :  by  J.  Schiel.     Ann.   Ch.   Pharm. 

civ.  223. 
Arab  in. — On  arabin  :  by  G.  Neuhauer.     Ann.  Ch.  Pharm.  cii.  105. 
Arsenic. — Detection  of  arsenic  and  antimony  :  by  W.   Odling.  Pharm. 

Trans,  xvi.  377.. 
Note  on  the  formation  of  araenite  of  ammonia  :  by  V.  de  Luynes. 

Compt.  rend.  xlv.  1355. 
Observations  on  arsenious  acid,  and  on  Fowler's  solution:  by  M. 

Buignet.     J.  Pharm.  [3]  xxx.  438. 

On  some  gold   and  platinum  bases  containing  arsenic :  by  A.  W. 

Hofmann.     Ann.   Ch.  Pharm.  ciii.  357 ;  Proc.  Eoy.  Soc.  viii. 

500 ;  Chem.   Gaz.  1857,  333. 
On  some  properties  of  arsenious  acid  :  by  V.  de  Luynes.     Compt. 

rend,  xliv  1354 ;   Chem.  Gaz.  1857,  372. 
On  the  detection  and  estimation  of  small  quantities  of  arsenic  in 

combination  with  a  large  excess  of  copper :  by  F.  Field.  Chem. 

Gaz.  1857,  313. 

On  the  formation  of  arsenite  of  aramonia  :  by  V.  de  Luynes.  Compt. 

rend.  xliv.  1353  ;  Chem.  Gaz.  1857,  414. 
■  On  the   medicinal  preparations  of  arsenic :  by  A.  F.  Haselden. 

Pharm.  J.  Trans,  xvi.  541. 
On   the    toxicological  investigation   of  arsenic  •  bv  ^-  Blondlot. 

Compt.  rend.   xliv.   1222  :   Chem.   Gaz.  1857,  293  ;  Pliarm.  J. 

Trans,  xvi.  319  ;  J.  Pharm.  [3]  xxxii.  117. 
Ash,  See  Fraxiniis. 
Asp ar agin.  —  Asparagin    in  the    root   oi  Bohinia  pseudacaeia:    by 

I£.  Hlasiwetz.     Pharm.  J.  Trans,  xvii.  127. 
Atmosphere. — Some  chemical  facts  relating  to  the  atmosphere   of 

dwelling   houses  :  by  H.  E.   Boscoe.     Chem.  Soc.   Qu.  J.  x. 

251. 
Atomic  weights. — On  the  atomic  weights  of  elementary  bodies :   by 

S.  Bose.     Pogg.  Ann.  c.  270. 
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Barometer. — On  the  construction  of  the  barometer,  and  on  the  ebul- 
lition of  mercury  in  vacuo  :  by  M.  Taupenot.  Ann.  Ch.  Phys. 
[3]  xlix.  91  ;  Pogg.  Ann.  c.  475. 

Baryta. — Baryta  a  constituent  of  the  ash  of  beech-wood:  by  G.  U. 
EcJcard.     Ann.  Ch.  Pliarm  c.  294. 

Carbonate  of  baryta,  a  constituent  of  the  sand-stone  in  the  neigh- 
hood  of  Got'tingen  ;  by  H.  Lutterkorth.  Ann.  Ch.  Pharm.  c. 
296. 

Composition  of  chlorate  of  baryta  :  by  A.    Soiichay.     Ann.    Ch. 

Pharm.  cii.  381. 

On  the  so-called  permanent  white  or  blanc-fixe  (sulphate  of  baryta)  : 

by  S.  Gompertz.     Chem.  Gaz.  1S57,  57. 

On  the  solubility  of  sulphate  of  baryta  in  dilute  acids  :  by  E.  Siegle. 

J.  pr.  Chem.  Ixis.  142. 

Base. —  On  a  new  base  from  the  juice  of  flesh  :  by  A.  StrecTcer.  Ann. 
Ch.  Pharm.  cii.  204;  Chem.  Soc.  Qu.  J.  x. ;  Chem.  Gaz.  1857, 
332. 

Bases. — On  a  new  test  for  nitrogenous  bases:  by  F.  L.  Sonnenschein. 
Ann.  Ch.  Pharm.  civ.  45. 

On  a  new  series  of  artificial  oxygenated  bases :  by  S.  Chez.  Compt. 

rend.  xliv.  482 ;  Chem.  Gaz.  1S57,  149  ;  Ann.  Ch.  Pharm.  cii. 
354. 

On   the   precipitation  of  various  bases  by  oxide  of  silver  :    by 

H.  Eose.     Berl.  Akad.  Ber.  Ib57.  311 ;  Chem.  Gaz.  1S57,  365. 

On  the  preparation  of  azotized  bases  :  by  S.  L.   Sonnenschein. 

Ann.  Pharm.  ci.  20  ;  Chem.  Gaz.  1857,  369. 

On  some  gold  and  platinum  bases  containing  phosphorus,  arsenic 

and  antimony  :  by  A.    W.  Hqfmann.     Ann.   Ch.  Pharm.  ciii. 

357  ;  Proc.  Eoy.  Soc.  viii.  500  ;  Chem.  Gaz.  1157,  333. 
Researches  on  the   phosphorus   bases:  by  ^.  Ca/^owrs  and  >4.  W. 

Hojmann.     Ann.   Ch.  Pharm.    civ.  1 ;    Proc.  Eov.    Soc.   viii. 

523  ;  Chem.  Gaz.  1857,  375  ;  Compt.  rend,  xliii.  1092. 
Beef. — On  the  juice  of  beef:  by  Charles  L.  JBloxam.    Chem.  Soc.  Qu.  J. 

X.  153. 
Beet. — Chemical   researches    on    beet    dunng    the    second    period   of 

growth  :  by  B.   Corcmcinder.     Compt.  rend.  xlv.  964. 
Benzoin. — On  the   conjugation  of  benzoin   with    acid    groups  :    by 

N.  Zinin.     Ann.  Ch.  Pharm.  civ.  116  ;  Chem.  Gaz.  1857,  276. 
Benzol. — Researches  on  benzol :  by  ^.  Couper.     Compt.  rend.  xlv.  230; 

Ann.  Ch.  Pharm.  civ.  225. 
Benzol. — On  chlorobenzol :  by  C.  Wicke.     Ann.  Ch.  Pharm.  cii.  356. 
Benzonitrile. — On  benzonitrile  :  hy  Hugo  Schiff'.     Chem.  Gaz.  1S57, 

288. 
Bile. — On  the  bile  of  Python  tigris  :  by  J.  Schlossherger.     Ann.  Ch. 

Pharm.  cii.  91. 
*3ime  thylamine.     ^ee  Methyl. 
Jismuth. — Basic   nitrate  of  bismuth  as  a  test  for   grape-sugar:  by 

B.  Bottger.     J.  pr.  Chem.  Ixxi.  431 ;  Chem.  Gaz.  1857,440. 
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Bismuth. — Oil  bisulphide  and  teriodide  of  bismuth:  bv  R.  Schneider. 

Ann.  Ch.  Pharin.  ci.  G3  ;  Anu.  Ch.  Phys.  [3]  Iv.  487. 
" On   subiiitrate   of  bismuth    by    M.  Bechamp.      J.    Pharm.    [3] 

xxxii.  330. 
On  tei'iodide  of  bismuth :  by  JB.    Sclineider.     Chem.   Gaz.   1857, 

110. 
Bituminous  sand. — Examination  of  the  products  of  distillation  of  the 

bituminous  sand  from  Heide  in   Holstein :  by  H.  JEngelbacTi. 

Ann.  Ch.  Pharm.  ciii.  1. 
Blowpipe. — On  blowpipe  reactions  ;  by  jP.  Pisaiii.     Compt.  rend.  xlv. 

903. 
Blood.  Experimental  researches  on  the  properties  and  functions  of  red 

and  black  blood :  by  M.  Brown-Sequard.     Compt.  rend.  xlv. 

562,  925. 

On  the  blood  of  the  cephalopods  :  by  J.  Sclilossberger.     Ann.  Ch. 

Pharm.  cii.  S6  ;  Chem.  Gaz.  1856,  323. 
Presence  of  fluorine  in  the  blood  :   by  J.  NicJcles.     J.  Pharm.   [3] 

XXX.  401. 
On  the  gases  of  the  blood :  by  L.   Meyer.     Pogg.  Ann.  cii.   299 ; 

Phil.  Mag.  [4]  xiy.  263. 
Bone. — On  the  conversion  of  cartilage  into  bone  :  by  L.  Mandl.  Compt. 

rend.  xliv.  1015. 

Analysis   of  bones  :    by  H.  Bonnet.     J.  Pharm.    [3]    xxxii.  98  ; 

Compt.  rend.  xlv.  7. 
■ On  the  quantity  of  sand,  irrespective  of  adulteration,  in  bones  im- 
ported from  La  Plata  for  the  preparation  of  animal  charcoal : 

by  E.  Moride,     Compt.  rend.  xlv.  485. 
Borates. — On  some  little    known  reactions  of  boracic  acid  and  the 

borates :  by  C.  Tissier.     Compt.  rend.  xlv.  411 ;  Chem.  Gaz. 

1857,  426. 
Boron. —  On  boron  :  by  F.  W'dhler  and  H.  Ste.  Claire  BeviJle.  Compt. 

rend,  xliii.  1088 ;  xliv.  342  :  Chem.  Gaz.  1857,  284  ;  Ann.  Ch. 

Pharm.  ci.   113,  347 ;  Pogg.  Ann.  c.  635 ;  J.  Pharm.  [3]  xxxi. 

241. 
Boron. — Is^ew  researches  on  boron  and  its  affinities, and  especialh  its 

affinity  for  nitrogen:  bv  F.  Wohler  and  H.  Deville.     Compt. 

rend.  xlv.  889. 
■ On  the  crystalline  form  of  diamond-boron :  by  Q.  Sella.     Pogg. 

Ann.  c.  646. 

On  nitride  of  silicium  and  nitride  of  boron  by  F.  Wohler.     Pogg. 

Ann.  cii.  317. 

Brain. — On  the  chemical  constituents  of  the  brain :  by  TF.  MiiUer. 
Ann.  Ch.  Pharm.  ciii.  131. 

Bread. —  On  some  points  in  the  composition  of  wheat-gi-ain,  its  pro- 
ducts in  the  mill,  and  bread  :  by  J.  B.  Laices  and  J.  H.  Gil- 
bert. Chem.  Soc.  Qu.  J.  x.  1.  269;  abstr.  Chem.  Gaz.  1857, 
194:  Pharm.  J.  Trans,  x^-i.  551. 

On   the  new  process  of  making  bread  :  by  Jif.  Merje-Mouries.  J. 

Pharm.    [3]    xxxi.  195  ;   Pharm.  J.  Trans,  xvii.  276. 

Alum  in  bread.     Pharm.  J.  Trans,  xvi.  556,  559,  611. 

Notes  on   alum   in   bread  and  its   detection :  by  E.  A.  Sadow. 

Chem.  Soc.  Qu.  J.  s.  103. 
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Brine-Spriugs. — On  the  brine-springs  of  Chesliire:  by  ^.  P.  North- 
cote.     Phil.  Mag.  [4]  xiv.  457. 

Bromine. — Newmethod  of  detecting  iodine  and  bromine  :  by  O.  Henry 
and  F.  Humbert.  Compt.  rend.  xliv.  G34  ;  Chem.  Graz.  1857, 
240. 

Note  on  the  action  of  bromine  on  acetic  acid :  hj  W.  H.  Ferkin 

and  F.  B.  Diq)pa.     Phil.  Mag.  [4]  xiii.  217. 

On  a  new  double  salt  of  bromide  of  sodium  and  bromate  of  soda : 

by  J.  Fritzsche.     Chem.   Gaz.   1857,  266  ;  Ann.   Ch.   Pharm. 
civ.  186. 

On  the  action  of  bromine  upon  iodide  of  acetyl :  by  M.  Simpson. 

Phil.  Mag.  [4]  xiii.  544. 
Bromides. — On    some    bromides    of  h^^drocarbons :    by   A.    Wurtz. 
Ann.  Ch.  Phys.  [3]  li.  84  ;  Ann.  Ch.  Pharm.  civ.  242. 

On  the  impurity   of  bromide  of  potassium  :  by    A.  B.    Garrod. 

Pharm.  J.  Trans,  xvii.  259. 
Bromine. — On  the  quantitative  estimation  of  chlorine,  bromine  and 
iodine  :  by  F.  Pisani.     Compt.  rend.  xliv.  352 :  Chem.    Gaz. 
1857,  119. 

On  the  separation  of  iodine,  bromine,  and  chlorine,  and  the   com- 

parative affinity  of  these  elements  for  silver,  -with  some  analyses 

of  their  combinations  with  that  metal  occurring  in  Chili:  by 

F.  Field.     Chem.  Soc.  Qu.  J.  x.  234 ;  Proc.  Eoj .  Soc.  viii.  496  ; 

Chem.  Gaz.  1857,  318. 
Bronze. — On  the  so-called  bronze  colour :  by  G.  B.  Konig.  J.  pr.  Chem. 

Ixix.  461 ;  Chem.  Gaz.  1857,  420. 
Burette. — On  a  float-biu-ette :  by  L.  0.  Erdmann.     Ann.  Ch.  Pharm. 

ciii.  359. 
Bytteria. — On  Bytteria  felrifuga  and  its  active  principle :  J.  Pharm. 

[3]  xxxi.  3. 


C. 

Cadmium. — Analysis    of    cadmium- amalgam :    by    G.   Konig.     J.    pr. 
Chem.  Ixix.  466;  Chem.  Gaz.  1857,  200. 

Bromide  of  cadmium  :  by  C.  Konig.     J.  pr.  Chem.  Ixix.  467. 

New  method  of  separating  cadmium  from   zinc :  by  C.  Aubel  and 

/.  Bamdohr.     Ann.    Ch.  Pharm.  ciii.    33 ;  Chem.    Gaz.   1857, 
958. 

On   iodide  of   cadmium :  by  A.  B.    Garrod.     Pharm.    J.    Trans. 

xiii.  260. 

On  some  new    compounds   of    chloride    of    cadmium  with   basic 

chlorides  :  by  G.  v.  Hauer.     J.  pr.  Chem.  Ixviii.  385. 

On  some  new  compounds  of  cadmium :  by   G.  v.  Hauer.     J.  pr. 

Chem.  Ixix.  121. 
Camphor. — On  the  action  of  monohydrated  sulphuric  acid  upon  Japan 
camplior :  by  J.  Ghautard.     Compt.  rend.  xliv.  68. 
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Capillarity. — On  capillary   action  :  by  G.   Wertheim.     Compt.   rend, 
xliv  1022 ;  Phil.  Mag.  [4]  xiv.  316. 

On  capillary  plienoniena  :  by  C.  Desains.     Pogg.  Ann.  c.  336. 

On  the   iuflueuce  of  terDperature    on  capillary  phenomena  :   by 

C.  Woljf.     Pogg.  Ann.  Ch.  350. 
CaproyL — On  tricaproy lamina  :  by  T.  Petersen.      Ann.    Ch.   Pharm. 
cii.  312. 

■  On  tricaproylamine.  a  decomposition-product  of  the  acid  sulphite 

of  oenanthol-ammonia  :  by  T.  Petersen  and  A.  Gossmann.  Ann. 
Ch.    Pharm.  ci.  310. 
Carbon. — On  a  simple  method  of  determining  tbe  amount  of  carbon  in 
cast  iron  :  by  Prof.  v.  Kohell.     Chem.  Gaz.  1857,  -439. 

On  the  action  of  nascent  hydrogen  on  bisulphide  of  carbon :  by 

A.  Girard.     Compt.  rend,  xliii.  396  ;  Ann.   Ch.  Pharm.  c.  306. 

On    the    compounds   of  sulphur   with    carbon :    by   M.    Persoz. 

Compt.  rend.  xliv.  1218. 

"  On  the  difference  between  the  temperatures  at  which  ether  and 

bisulphide  of  carbon  take  fire :  by  M.  Berthelot.     Ann.  Ch. 
Phys.  [3]  xlix.  486. 

On    the  protosulphide   of  carbon :  by  E.   Baudrimont.     Compt. 

rend.  xliv.  1000  ;  Chem.  Gaz.  1857,  415. 
Carbonates. — Conversion  of  carbonate  of  lime  into  sulphate  by  the 
action  of  sulphate  of  ammonia :  by  A.  Levol.     J.   Pharm.    [3] 
xxxii.  116. 

Experiments  on  the  artificial  formation  of  the  hydrated  carbonates 

of  the  earths  and  metals  :  by  A.  Damour.     Phil.  Mag,  [4]  xiii. 
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On  the  transformation  of  carbonate  of  magnesia  at  higb  tempera- 

tures:  by  W.  Reissig.     Ann.  Ch.    Pharm.  ciii.  27. 

■  Remarks  on  the  solutions  of  certain  carbonates,  and  particularly 

of  carbonate  of  lime :  by  A.  Bineau.     Ann.  Ch.  Phys.   [3]  li. 

290. 
Carburetted  Hydrogen. — Natural  supply  of  carburetted   hydrogen 

gas.     Pharm.  J.  Trans,  xviii.  233. 
Catalysis. — On  the  connection  of  catalytic  phenomena  with  allotropy  : 

by  a  F.  Schonhein.  Phil.  Mag.' [4]  xiii.  248  :   Pogg.  Ann.  c.  1. 
Cement. — On  the   theory  of  cements:  by  M.  le  Marechal    VaiUant. 

Compt.  rend.  xliv.  1041. 

Perruginous  cement :  by  J/,  Chenot.    Pliarm.  J.  Trans,  xvi.  608. 

Cetyl. — On  some  double  ethers  and  compound  ethers  of  cetylic  alcohol: 

by  G.  Becker.     Ann.    Ch.  Pharm.  cii.  219  ;  Chem!  Gaz.  1857, 
452. 
Charcoal. — Decolorizing  charcoals  and  their  power  of  absorbing  gases: 
by  J.  Stenlioiise.     Ann.  Ch.  Pharm.  ci.   243 ;  J.  Pharm.  [3] 
xxxi.  373 ;  Pharm.  J.  Trans,  xvi.  363. 
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by  M.  Langlois.      Ann.  Ch.  Phys.  [3]  li.  322. 
Chemical  action. — On  chemical  decomposition  induced  by  mechanical 

action  :  by  M.  Dauhree.     Compt  rend.  xliv.  997. 
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heat  and  pressure  :  by  M.  Becquerel.    Phil.  Mag.  [4]  xiii.  76. 
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Chemical  Decomposition. — On  the  time  required  by  compounds  for 
decomposition  :  by  T.  Woods.     Phil.  Mag.  [4]  xiv.  345. 

Chlorates. — On  the  behaviour  of  certain  substances  with  pure  fused 
chlorate  of  potash :  by  JR.  Bottger.     Chem.  Gaz.  1857,  399. 

On  the  composition  of  the  chlorates  of  baryta  and  strontia:  by 
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Test  for  chlorates:  by  M.  Tramhert.     J.  Pharm.  [3]  xxxii.  396. 

Chlorides. — On  a  compound  obtained  by  the  action  of  fuming  sul- 
phuric acid  on  chloride  of  phenyl :  by  L.  Hutchings.  Chem. 
Soc.  Qu.  J.  X.  102. 

On  aldehyde  and  on  chloride  of  acetyl:  by  A.  U'urtz.     Ann.  Ch. 

Phariii.  [3]  xliv.  58. 

New  method  of  estimating  chlorides  and  sulphates :  bv  A.  Levol. 

J.  Pharm.  [3]  xxxi.  99. 

On  compounds  obtained  by  the  action  of  anhydrous  sulphuric  acid 

on  the  chlorides  of  hydrogen  and  ethyl:  by  R.  tVilliamson. 
Chem.  Soc.  Qu.  J.  x.  97. 

On  the  action  of  heat  upon  chloride  of  methyl:  by  A.  Perrot. 

Ann.  Ch.  Phys.  [3]  xlix.  94. 

On  the  action  of  pentachloride  of  phosphorous  on  some  inorganic 

acids  :  by  Hugo  Schijf.  Ann.  Ch.  Pharm.  cii.  Ill ;  Chem. 
Gaz.  1857,  393. 

On  chloride  of  ethvlene :  by  A.    Wurtz.     Ann.  Ch.  Pharm.  civ. 

174. 

Chlorine.  —  Determination  of  chlorine  in  azotized  organic  sub- 
stances :  by  C.  Neuhauer  and  G.  Kerner,  Ann.  Ch.  Pharm. 
ci.  318. 

On  a  ready  method  of  preparing  chlorine  for  disinfecting  purposes  : 

by  M.  Lamhossy.     J.  Pharm.  [3]  xxxii.  362. 

On  chloroplatinate  of  aluminium  :    by  the  Prince  of  Salm-IIorst- 

mar.     Pogg.  Ann.  xcix.  638. 

On  some  facts  relating  to  metallic  chlorides :  by  H.  Ste.-Claire 

DevilJe.     Anu.  Ch.  Pharm.  ci.  197. 

On  the  action  of  chlorine  upon  alcohol :  by  A.   Ziehen.     Compt. 

rend.  xliv.  1345  :  Chem.  Gaz.  1857,  307. 

On  the  influence  of  light  upon  chlorine,  and  some  remarks  upon 

alchemy :  by  J.  W.  Draper.      Phil.   Mag.  [4]  xiv.  321. 

On  the  influence  of  light  upon  chlorine :  by  H.  E.  Roscoe.     Phil. 

Mag  [4]  xiv.  504. 

On  the  separation  of  iodine,  bromine,  and  chlorine,  and  tlie  com- 

parative afiinity  of  these  elements  for  silver,  with  some  analyses 
of  their  combinations  with  that  metal  occurring  in  Chili :  by 
F.  Field.  Chem.  Soc.  Qu.  J.  x.  234  ;  Proc.  Eoy.  Soc.  viii.  496  ; 
Chem.   Gaz.  1857,  318. 

On    the   quantitative    determination   of    chlorine,   bromine,    and 

iodine :  by  F.  Fisani.     Compt.  rend.   xliv.  352  ;  Chem.  Gaz. 
1857,  119. 
Chromium. — Ou   bichromate   of  copper:  bv    F.    Droege.     Ann.    Ch. 
Pharm.  ci.  39  ;  Chem.  Gaz.   1857,  123  ;  Ann.  Ch.   Phys.  [3] 
1.  484. 

On  certain  double   compounds  of  ammonia   and    chromium  :  by 

a  W.  Vincent     Phil.  Mag.  [4]  xiii.  1 91. 
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Chromium. — On  ciystallised  chromium  and   on   the    alloys   of  that 

metal :  by  JE.  Fremy.     J.  Pharm.   [3]   xxxi,  321 ;  Chem.  Gaz. 

1857, 176. 
On  reduced  chromium  and  other  metals  :  by  H.  Ste.-Claire  DeviUe, 

Brunner,  and  Fremy.     Ann.  Ch.  Phys.  [3]   xlvi.  1823  ;  Ann. 

Ch.  Pharm.  cii.  326. 
On  some  reactions  of  the  salts  of  chromium,  nickel,  and  cobalt ; 

by  F.  Fisani.     Compt.  rend.  xlv.  349. 
On  the  behaviour   of  chromic  acid   under   the   influence  of  the 

electric  current :  by  H.  Buff.     Ann.  Ch.  Pharm.  ci.  1. 
On  the  chromates  of  lime  and  strontia :  by  J-  TV.  Slater.     Chem. 

Gaz.  1857,  247. 
Chromium. — On  the  quantitative  assay  of  chromium  by  blowpipe  pro- 
cesses :  by  F.  H.  Hilgard.     Sill.  Am.  J.  [2]  xxix,  387. 
Chlorobenzol. — See  Benzol. 
Chloroform. — On  the  uncertaiiity  of  chloroform  as  a  test  for  albumin: 

by  A.  Becqiierel.     Compt.  rend.  xlv.  899. 
Cinchona. — Microscopical   examination  of  cinchona  barks:  by  ^.  8. 

Fvans.     Pharm.  J.  Trans,  xvi.    553. 

On  a  new  cinchona-bark  and  a  new  alkaloid,  cinchonidine :    by 

G.  Wittstein.     Chem.  Gaz.  1857,  31. 

On  red  cinchona-bark :  by  M.  Gi/ibourt.     J.  Pharm.  [3]  xxxi.  132. 

-■ Researches  on  the  cinchona  alkaloids  and  their  saline  compounds : 

by  J.  E.  de  Vrij.     J.  Pliarm.  [3]  xxxi.  183. 
Cinnabar. —  On   the   discovery  of  circular   polarisation  in  crystals  of 
cinnabar  :  by  M.  Descloizeaux.      Ann.    Ch.  Phys.  [3]  li.  361. 

On  the  preparation  of  a  beautiful   crimson  antimonial  cinnabar : 

byi?.  Bottger.     Chem.  Gaz.  1857,  275. 
Cloves. — On  caryophyllic  acid,  and  the  stearoptene  of  oil  of  cloves:  by 

A.  Briinimg.     Ann.  Ch.  Pharm.  civ.  202, 
Coal. — Characteristics  of  coal,  and  distinction  between  it  and  bitu- 

miuous  shale,  &c.  :  bv  Frof.   Goppert.     Pharm.  J.  Trans,  xvii. 

323. 
On  some  of  the  products  of  the  destructive  distillation  of  Boghead 

coal :  by  C.    G.    Williams.     Proc.  Eoy.  Soc.   viii.  338 ;   Ann. 

Ch.  Pharm.  cii.  127. 
Cobalt. — Determination  of  cobalt:  by  A.  Terreil.     Compt.  rend.  xlv. 

652  ;  Chem.  Gaz.  1857,  452. 

On  cobaltate  of  potash:  by  L.  Pehal.     Ann.  Ch.  Pharm.  c.  257. 

On  reduced  cobalt,  chromium,    &c. :    by  H.   Sle.-Claire   Deville, 

Brunner  and  Fremy.     Ann.    Ch.  Phvs.    [3]    xlvi.    182 ;  Ann. 

Ch.  Pharm.  cii.  326. 

On  some  reactions  of  cobalt-salts  :  by  F.  Pisani.      Compt.  rend. 

xlv.  349. 
On  the   ammoniacal  compounds  of  cobalt :  by  J.  F.  Gentele.     J. 

pr.   Chem.  Ixix.  129. 
On  the  cobaltate  of  potash  :  by  L.  Febal.     Wien.  Akad.  Ber.  xxi. 

169;   Chem.  Gaz.  1857,45. 
On  the  equivalents  of  nickel  and  cobalt:  by  F.  Schneider.     Pogg. 

Ann.  ci.  387;  Ann.  Ch.  Pharm.  civ.  220. 
• On  the  so-called  cobaltic  acid,  and  its  combination  with  potash  and 

water:  by  TV.  Mayer.     Ann.  Ch.  Pharm.  ci.  266. 
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Cobalt. — Researches   on  the  ammonio-cobalt   bases  ;    W.    Gihhs    and 

F.   Gentli.     Sill.  Am.  J.   [2]  xxiii.  231,  319,  xsiv.  86 ;  Chera. 
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Codeine. — On    the   adulteration    of    codeine  with   sugarcandy ;    by 

M.  Lepage.     J.  Pharm.  [3]  xxxi.  213. 
Colchiceiue. — Ou  colchiceine  :  by  L.  Oberliii.     Pharm.  J.  Trans,  xvi. 

529. 
Colchicum. — On  the  Colcliicum  autumnale:  by  L.  Olerlin.     Compt. 

rend,  xliii.  1199 ;  Chem.  Gaz.   1857,  81 ;  Ann.  Ch.  Phys.  [3] 

1.  108 ;  Pharm.  J.  Trans,  xv.  231; ;  J.  Pharm.  [3]  xxxi.  218. 
Collodion. — Dry  collodion  process  for  photography.     Pharm.  J.  Trans. 

xvi.  605. 
Colour. — On  dyeing  and  printing.     J.  Pharm.  [3]  xxxi.  271. 
On   dyeing  by   substitution:    by    O.  Koechlin.     J.  Pharm.    [3] 

xxxii.  122. 
On  dveing  silk,  vrool,  and  cotton   with  murexid.      Chem.  Gaz, 

1857,  416. 
On  the  colour  of  salts  in   solution,   each  constituent  of  which  is 

coloured:  by  J.  R.  Gladstone.     Phil.  Mag.  [1]  xiv.  418. 
On  the  effect  of  heat  on  the  colour  of  salts  in  solution :  by  J.  H. 

Gladstone.     Phil.  Mag.  [4]  xiv.  423. 
Contributions  to  the  theory  of  colours  :  by  E.  Zenssen.     Ann.  Ch. 

Pharm.  civ.  177. 
On  the  method  of  imparting  a  red  colour  to  bone  and  ivory :  by 

C.  Kellermann.     Chem.  Gaz.  lS57,  93  ;  Pharm.  J.  Trans,  xvi. 

531. 
On  the   manufacture  of  the   Chinese  green  dye :  by  M.  Helot. 

Pharm.  J.  Trans,  xvi.  517,  553. 
On  the   so-called  bronze  colours  :  by  C.  S.  Konig.     Chem.   Gaz. 

1857,  420;  J.  pr.  Chem.  Ixix.  46i. 
Preparation    of  the    red    colouring   matter   from   madder  :    by 

E.  Schwartz.     Chem.  Gaz.  1857,  56. 
Theoretical    and   practical   researches  on  the   fixation  of  colours 

in  dyeing :  by  F.  Kuhlmann.     (Part  iii.)     Chem.   Gaz.  1857, 

58.  ' 
On   the  red  pigment   of  the   feathers  of   Calurus   auriceps :  by 

A.  BogdanoiD.     Compt.  rend.  xiv.  688. 
Combustion. — Preliminary  researches    on   the   alleged    influence    of 

solar   light    on    the   process    of  combustion :  by  J.   Lecomte. 

Sill.  Am.  J.  [2]  xxiv.  317. 
Conhj^drine. — On  conhydriue,  a  new  alkaloid  from   Conium  macular- 

turn  :  by  T.  Wertliem.     Wien.  Akad.  Ber.  xxii.  113  ;  Chem. 

Mag.  1857,  106 ;  Ann.  Ch.  Pharm.  c.  328. 
Conjugated  Compounds. — On  the  so-called  conjugated  compounds, 

and  the  theory  of  poly-atomic  radicals  :  by  A.  Kekule.     Ann. 

Ch.  Pharm.  civ.  129. 
Copal. — On  the  copals  of  AVestern  Africa  :  by  W.  F.  Daniell.     Pharm. 

J.  Trans,  xvi.  307,  423. 
.  Copper.— Coloured  copper  foil.     J.  pr.  Chem.  Ixix.  466. 
On  a  new  volumetric  method  for  the  determination  of  copper  :  by 

E.  0.  Brown.     Chem.  Soc.  Qu.  J.  x.  65. 
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Copper. — On  bichromate  of  copper:  by  F.  Droege.     Ann.  Ch.  Pliarm. 
ci.  39;  Chem.  Gaz.  1857,  123  ;  Ann.  Ch.  Phys.  [3]  1.  484. 

On  micaceous  copper  from  Altenau  :    by    G.    Ramdohr.      Ann. 

Ch.  Pharm.  ciii.  189. 
The  production,    preparation,    and    assaying    of     copper  :     by 

iV.  Samuehon.     Pharm.  J.  Trans,  xvi.  509. 
On  the  copper   mines   of    Namaqualand  :     by   B.    If.   Rubidge. 

Phil.  Mag.  [3]  xiii.  214. 
On  the  detection  and  estimation  of  small  quantities  of  arsenic 

in  combination  with  a  large  excess  of  copper :    by  F.  Field. 

Chem.  Gaz.  1857,  313. 
On  the  electric  conductivity  of  commercial  copper  of  various  kinds : 

by  W.  Thomson.     Proc.  Roy.  Soc,  viii.  550. 
On  the  pseudomorphoses   of  copper :    by  A.    Kenngott.     Pogg. 

Ann.  c.  467. 
On  two  sulphides  of  copper  from  the   Canton  mine  (Georgia)  : 

by  W.  A.  FraU.     Sill.  Am.  J.  [2]  xxxiii.  409. 
Corn. — On  the  causes  which  alter  the  quality  of  corn,  and   on  the 

means  of  preserviug    it :    G.   M.  Menigaiilt.     J.  Pharm.  [3] 

xxxii.  185. 
Cotton. — Detection   of  cotton    in   woollen   fabrics :  by  A.   Overheck, 

Pharm.  J.  Trans,  xvi.  47G. 
Creatine. — On  creatine  and  creatinine:  hj  V.  Dessaignes.     J,  Pharm. 

[3]  xxxii.  41. 
Crystalline   Form. — New    relations  between   crystalline   form  and 

thermo-electric   properties   discovered   by   Dr.  Marbach :    by 

M.  Blot.     Compt.  rend.  xlv.  705. 
On  non-superposible  tetartohedry :    by  L.  Pasteur.      Ann.  Ch. 

Phys.  [3]  1.  178. 
On  the   relations    between  certain  groups   of  crystalline  forms 

belonging  to  diiferent   systems :    by   C.   Marignac.     Compt. 

rend.  xlv.  650. 

On  the  true  nature  of  hemihedry,  and  on  its  relation  to  the  phy- 

sical properties  of  crystals  :  by  M.  Delafosse.     Compt.  rend. 

xliv.  229. 
Crystalline  Lens. — [Researches  on  the  nature  of  the  crystalline  lens 

in  the  several  classes  of  animals:  hj  MM.  Valenciennes  and 

Fremy.     J.  Pharm.    [3]   xxxii.  5:  Compt.   rend.  xliv.  1122; 

Chem.  Gaz.  1857,  326. 
Crystallization. — On  the  occurrence  of  crystallization  in  stucco:  by 

Dr.  Buist.     Phil.  ]\Iag.  [4]  xiii.  76. 
Crystals. — A  method  of  measuring  the  angles  of  crystals  by  reflec- 
tion without  the  use  of  the  goniometer :    by  P.   Gasamajor. 

Sill.  Am.  J.  [2]  xxiv.  251. 
New  method  of  measuring  the  angles  of  crystals  :  by  M.  v.  Kohell. 

Pharm.  J.  Trans,  xvii.  274. 
On  the  magnetic  axes  of  crystals  and  their  relation  to  crystalline 

form  and  to  the  optic  axes  :  by  Flilcker  and  Beer.     Ann.  Ch. 

Phys.  [3]  xlix,  221. 
On  the  motion  of  floating  crystals  of  certain  organic  substances : 

A.  Schefezik.     J.  pr.  Ch.  Ixviii,  541. 
Eesearches  on  the  mode  of  growth  of  crystals,  and  on  the  causes 
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of  the  variations  of  their  secoudary  forms :   by  i.  Pasteur. 

Ann.  Ch.  Phys.  [3]  xlix.  5  ;  Pogg.  Ann.  c.  157. 
Cubebs. — On  the  oleo-resinous  principle  of  cubebs  obtained  by  means  of 

bisulphide  of  carbon :  by  M.  Berjot.    J.  Pharm.  [3]  xxxii.  368. 
Curara. — On    the    plijsico-toxicological    properties    of    curara  :    by 

E.  Pelikan.     Compt.  rend.  xliv.  507. 
Cyanides. — On  a  new  double  cyanide   of  iron  and  aluminium:    by 

C.  Tissier.     Compt.  rend',  xlv.  232. 
Cyanides. — Preparation  of  commercial  cyanide  of  potassium  :  by  MM. 

Fordos  and  Gelis.     J.  Pharm.  [.3]  xsxii.  106. 
Cyanogen. — On  some  new  platinocyanides  :  by  P.  Weselshy.     J.pr. 

Chem.  Ixix.  276. 
Cyclamen. — Chemical  investigation  of  cyclamen    (Pt.  i.   Cyclamine)  : 

hj  S.  De  Luca.     Compt.  rend.  xliv.  723;  Chem.   Graz.  1857,  ^ 

244  ;    J.    Pharm.    [3]    xxxi.    427. — Eeport    thereupon  :    by 

M.  JBalard.     Compt.  rend.  xlv.  909. 
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Density. — Estimation  of  specific  gravity.     Pharm.  J.  Trans,  xvii.  206. 
On   a  densimeter   of  constant   metrical  volume  :    by  L.  Ruau. 

Compt.  rend.  xlv.  443. 
On  a  new  method  of  determining  the  densities  of  solid  bodies  by 

means  of  an  ordinary  balance  :  by  A.  Raimondi.     Pogg.  Ann. 

xcix.  639. 
The   densities   of  bodies,   solid   and    molten  :    by    J.   Nasmyth. 

Pharm.  J.  Trans,  xvii.  222. 
Didymium. — On  an  optical  test  for  didymium :  by  Jl  H.  Gladstone. 

Chem.  Soc.  Qn.  J.  x.  219. 
Diffusion. — On  certain  new  methods  of  determining  the   constants 

relating  to   the  diffusion  of  a  saline  solution  into  the  pure 

solvent:    by  T.  U.  Simmler  and  S.   Wilde.     Pogg.  Ann.  c. 

217. 
Eeply  to  certain  portions  of  Beilstein's  paper  "  On  the  diffusion 

of  Liquids  "  :  by  A.  Fick.     Ann.  Ch.  Pharm.  cii.  97. 
Dioscorea. — Analysis  of  the    roots  of    Dioscorea    Batatas  :     by  Br. 

Grouven.     Pharm.  J.  Trans,  xvii.  318. 
Dutch  Liquid. — See  Fthylene. 
Dyeing. — See  Colour. 
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"Eggs. — Eesearches  on  the  composition   of  the  eggs  and  muscles  in  the 

series  of  animals  :  by  A.  Valenciennes  and  E.  Fremy.  Ann.  Ch« 

Phys.  [3]  1.  129. 
Electricity. — Experimental  researches  in  electricity.     Thirtieth  series. 

by  M.  Faraday.     Pogg.  Ann.  c.  iii.  439. 
On  a  new  source  of  electrical  excitation :  by  Mrs.  Elislia  Foote, 

Sill.  Am.  J.  [2]  xxiv.  386. 
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Electricity. — Simple  electrical  macliiue.     Pharm.  J.  Trans,  xvii.  233. 
Current  produced  by  zinc   and  carbon  in  water :  by  A.  JPalagi. 

Compt.  rend.  slv.  775. 
On  an  economic  method  of  producing  an  electric  current  by  means 
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On  tlie  development  of  dynamic  electricity  by  the  immersion  of 

lanequally  heated  metals  in  liquids :  by  G.  Gore.  Phil.  Mag. 
[4]  xiii.  1. 

On  a  new  instrument  for  registering  a  rapid  succession  of  electrical 

discharges,  and  a  comparison  of  the  eflfects  of  the  induction- 
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J.  Hearder.     Phil.  Mag.  [4]  xiii.  824. 

Improved  form  of  KuhmkarfF's  induction  coil.     Pharm.  J.  Trans. 

xvii.  33. 

* On  the  electricity  of  the  tourmaline,  third  note  :  by  J.  31.  Gaugain. 

Compt.  rend,  xliii.  1122. 

Xew  relations  between  crystalline  form  and  pyro-electric  proper- 
ties, discovered  by  Dr.  Marbuck  :  by  M.  Biot.  Comp.  rend.  xlv. 

705.        ^  ■      .  .       .        . 
On  the  motion  of  electricity  in  wires  :  by   G.  KircJioff.     Pogg. 

Ann.  c.  193  ;  Phil.  Mag.  [4]  xiii.  393. 
On  some  special  laws  of  electrical  force:  by  W.  Snow  Harris.  Phil. 

Mag.  [4]  xiv.  156. 
On  the  correlation  of  dynamic  electricity  w'ith  other  physical  forces  : 

by  L.  Soret.     Compt.  rend.  xIt.  301,  380. 
Researches  in  statical  electricity  :  by  W.  Snow  Harris.    Phil.  Mag. 

[4]  xiv.  81,  176. 
Experiments  on  the  effects  of  electric  influence,  considered  in  rela- 
tion to  those  of  induction :  by   J.  M.  Secjuin.     Compt.   rend. 

xliv.  1315. 

On  the  electrodynamic  properties  of  metals  :  by  W.  Tlwmson.   Proc. 

Eoy.  Soc.  viii.  546. 
Experiments  on  the  voltaic  pile :  by  MM.  Schlagdenhauff'en  and 

Freyss.     Compt.  rend.  xlv.  868. 
•  On  the  magnetism   and  electric   conductivity  of  potassium  and 

sodium  ;  by  M.  Lamy.     Ann.  Ch.  Phys.  [3]  li.  305. 
On  the  electric  conducting  power  of  potassium,   sodium,  lithium, 

calcium,  and   strontium  :  by   A.  Mattkiessen.     Pogg.  Ann.   c, 

178  ;  Phil.  Mag.  [4]  xiii.  81. 
On  the  electric  conductivity  of  commercial  copper  of  various  kinds : 

by  W.  Thomson.     Proc.  Eoy.  Soc.  viii.  550. 
Determination  of  the  amount  of  work  which  produces  a  unit  o\ 

heat,  by  means  of  the  electric   current :    by    G.   de    Quintus 

Icilius.     Compt.  rend,  xliv,  420. 
On  the  numerical  value  of  the  constants   in  the  formula  for  the 

electrodynamic   heating  of  metallic  wires :  by    G.  v.    Quintus 

Icilius.     Pogg.  Ann.  ci.  69. 
On  the  thermo-electricity  of  ferruginous  metals,  and  on  the  thermal 

efiects  of  stretching  solid  bodies  :  by  J.  P.  Joule.     Proc.  Eoy. 

viii.  355. 
On  some  thermo-electric  properties   of  the   metals   bismuth  and 

antimony,  when  used  as  single  elements  :  H.  Adie.  Cliein.  Soc. 

Qu.  J.  X.  77. 
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Electricity. — Electrolytic  researches:  by    G.   Marjnxis.     Pogg.  Ann. 
cii.  1. 


Can  the  galvanic  current  pass  through  water  without  decomposing 

it  ?  by  A.  de  la  Rive.    Pogg.  Ann.  xcix.  620  ;  also  by  v.  Breda 
and  Logeman.     Ibid.  684. 

Electrolysis  of  salts  dissolved  in  water  :  by  J.  Ch.  d^ Almeida.  Ann. 

Ch.  Phys.  [3]  li.  257. 

On  electric  conduction  in  electrolytes  :  by  R.  Clausius.  Pogf.  Ann 

ci.  338.  "" 

On  some   electrolvtic    decompositions  :  by  M.   ScTilagdenTiaiiffen. 

J.  Pharra.  [3]  xxxi.  410. 
On  the  magnetizing  and  electrolytic  action  of  the  electro-magnetic 

induction-current :  by  Sinsteden.     Pogg.  Ann.  ci.  1. 
On  the  mechanical  theory  of  electrolysis :  by  J.  Bosscha.     Pogg. 

Ann.  ci.  517. 
On  the  decomposition  of  certain  salts,  and  particularly  of  lead  salts, 

by  the  voltaic  current :  by  C.  Despretz.  Compt.  rend.  xlv.  449. 
On  the  electrical  relations  of  aluminium:  by  II.  Buff.  Ann.  Ch. 

Pharm.  cii.  265. 
Is  there  any  advantage  in  chemical  decompositions  in  introducino- 

an  induction  apparatus  of  one  wire  in  the  circuit  of  a   voltaic 

pile  ?  by  C.  Despretz.     Phil.  Mag.  [4]  xiv.  75. 
On  the  behaviour  of  chromic  acid  under  the  influence  of  the  electric 

currents :  by   M.  v.  Kobell.     J.  pr.  Chem.  Ixxi.  146 ;  Chem, 

Gaz.  1857,  437. 
On  the  cause  of  the  deposition  of  copper  on  the  earthenware  ceU 

of  the  Daniell's  battery,  and  on  the  means  of  preventing  it : 

by  F.  Place.     Pogg.  Ann.  c.  590. 
On  the  formation  of  water  by  platinum  electrodes  :  by  M.  Bertin. 

Compt.  rend.  xliv.  1273. 
On  the  polar  decomposition  of  water  by  common  and  atmospheric 

electricity  :  by  T.  Andrews.     Ann.  Ch.  Phys.  [3]  1.  124. 
Polarisation  of  the  electrodes  and  formation  of  water  in  the  volta- 
meter :  by  31.  Bertin.  Compt.  rend.  xlv.  820. 
' Researches  on  the  electricity  of  the  earth  and  of  the  air,  and  on  the 

chemical  effects  produced  by  slow  actions,  with  or  without  the 

concurrence  of  electric  forces  :  by  M.  Becqtcerel.     Compt.  rend. 

xliii.  1001. 
Elements. — On  the  grouping  of  elements  according  to  their  chemico- 

physical  characters  :  by  U.  Lenssen.  Ann.  Ch.  Pharm.  ciii.  121. 
On  the  natural  groupings  of  the  elements :  by  W.  Odling.     Phil. 

Mag.  [4]  xiii.  423,  480. 
On  some  general  methods  of  preparing  the  elementary  bodies:  by 

H.  Deville.      Compt.  rend.  xliv.  673  ;  Chem.°Gaz.  1857,  201. 
Endosmose. — Experiments    on    the   endosmose  of  Glauber  salt:  by 

W.  Schmidt.     Pogg.  Ann.  cii.  122. 
Equivalents.  — On  the  equivalents  of  certain  elementary  bodies  :  by 

J.  Dumas.     Compt.  rend.  xlv.  709. 
Erythroglucine. — See  Plu/cite. 
Ether. — On  the  decomposition  of  ether  and  the  formation  of  carbu- 

retted   gases   during   ansesthesia :   by   M.    Oza?iam.     Compt. 

rend.  xlv.  348. 
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Ether. — Ou  the  difference  between  the  temperatures  at  which  ether  and 

bisulphide  of  carbon  take  fire  :  by  M.  Berthelot.     Ann.   Ch. 

Phys.  [3]  xlix.  486. 
Etherificatiou. — On  etherification  :  by  A.  Eeynoso.    Ann.  Ch.  Pharm. 

ci.  100. 
Ethers. — On  some  double   ethers    and   compound    ethers   of  cetylic 

alcohol :  by   G.  BecTcer.     Ann.  Ch.   Pharm.  cii.  219 ;  Chem. 

Gaz.  1857,  452. 
Eesearches   on  monochloracetic    ether   and   mouochloracetamide : 

by  E.  Willm.     Aon.  Ch.  Phvs.  [3]  xlix.  97 ;  Ann.  Ch.  Pharm. 

cii.  109. 
On  the  preparation  of  the  double  ethers  :  by  F.  Guthrie.     Phil. 

Mag.  [-4]  xiv.  186. 
On  the  action  of  anhydrous  sulphuric  acid  on  chloride  of  ethyl : 

by  B.  Williamson.     Chem.  Soc.  Qu.  J.  x.  97.; 
On  action  of  iodide  of  ethyl  on  the  silver-salts  of  some  inorganic 

acids :  by  H.  B.  Nason.     Ann.  Ch.  Pharm.  civ.  126. 
On  the  action    of  iodide    of    ethyl  on  tungstate  of  silver:    by 

A.  Gdssma7in.     Ann.  Ch.  Pharm.  ci.  218. 
On  the  action  of  pentachloride  of  phosphorus  on  the  non-volatile 

acids   which    form  pyro-acids  :    by   L.   Bodart.     Ann.    Ch, 

Pharm.  c.  325. 
On  the  preparation  of  iodide  and  bromide  of  ethyl :  by  J.  de  Vrij. 

J.  Pharm.  [3]  xxxi.  169. 
Ethyl. — On   the   action  of  alkalies    on    sulphocyanide   of  ethyl:    by 

A.  Brilning.     Ann.  Ch.  Pharm.  civ.  198. 
On  the  preparation  of  tetrethyl-urea :  by  A.  Briining.     Ann.  Ch. 

Pharm.  civ.  200. 
Ethyl  amine. — Preparation  of  ethylamine   from  urea:  by  K.  Tuttle. 

Ann.  Ch.  Pharm.  ci.  288  ;  Chem.  Gaz.  1857,  219. 
Ethylene. — Note  on  Dutch  liquid:  by  ^.  JVurtz.     Compt.  rend.  xlv. 

228 ;  Ann.  Ch.  Phm.  civ.  174. 
On  some  compounds  of  ethvlene :  by  H.  S.  Buff.     Sill.   Am.  J. 

[2]  xxiii.  176. 
Excrements. — On  the  immediate  principles  of  human  excrements  in 

the  healthy  state :  by  W.  Marcet.     Phil.   Trans.   1857 ;  Proc. 

Roy.  Soc.  viii.  413. 
On   the   fatty  matters    of   human   excrements   in   disease  :    by 

W.  Marcet.     Chem.  Soc.  Qu.  J.  x.  162. 


F. 

Eats. — Grease-spots  on  silk  :    by   M.    Glenard.     J.  Pharm.  [3}  xxxii. 

215. 
Eat. — Separation  of  fat  from  soap-suds.     Pliarm.  J.  Trans,  xvi.  429. 
Pelspar. — Substitute  for  felspar  in  the  manufactui-e  of  porcelain:  by 

F.  Gentele.     Pharm.  J.  Trans,  xvi.  476. 
Eermentation. — Notes  on  fermentation.     Pliarm.  J.  Trans,  xvii.  316. 
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Fermentation. — On  lactic   fermentation:   by   L.   Pasteur.     Compt. 

rend.  xlv.  913. 
On  alcoholic  fermentation :  by  M.   Berthelot.      Ann.  Ch.  Phys. 

[3]  1.  322. 
Ferrocyanides. — On   the    use  of  ferrocyanide  of  potassium  for  the 

removal  of  rust-spots  in  white  liuen :  hj  Prof.  Bunge.     Chem. 

Gaz.  1857,  249 ;  Pharm.  J.  Trans,  xvii.  210. 
Flame. — Apparatus    for    demonstrating    the    theory   of    flame  :     by 

J.  Nickles.     J.  Pharm.  [3]  xxxi.  179. 
Flesh. — Preservation  of  flesh,  &c. :  hy  M.  Robert.     Pharm.  J.  Trans. 

xvii.  29. 
Flesh-juice. — On  a  new  base  from  the  juice  of  flesh  :  by  A.  Strecker. 

Ann.  Ch.  Pharm.  cii.  204;  Chem.  Soc.  Qu.  J.  x.*121. 
Fluorides. — On  the  metallic  sesquifluorides :  hj  H.  Ste.-Glaire Deville. 

[3]  xlix.  79. 
On  some  facts  relating  to  the  metallic  fluorides  :  by  H.  Ste.-Claire 

Deville.     Ann.  Ch.  Pharm.  ci.  197. 
Fluorine. — Investigation  of  fluorine.     Action  of  acids  upon  glass  :  by 

J.  Nickles.     Compt.  rend.  xliv.  679  ;  Chem.  Gaz.  1857,  238. 
Presence  of  fluorine  in  the  blood :  by  J.  Nickles.     J.  Pharm.  [3] 

XXX.  401 ;  Sill.  Am.  J.  [2]  xxiii.  101. 
On  M.  J.  jS"ickles's  claim  to  be  the  discoverer  of  fluorine  in  the 

blood  :  by  G.  Wilson.     Proc.  Eoy.  Soc.  Ed.  iii.  463. 
"         On  the  discovery  of  fluorine  in  the  blood  :  by  G.  Wilson.     Phil. 

Mag.  [4]  xiii.  162. 
Presence  of  fluorine  in  the  mineral  waters  of  Plombieres,  Vichy, 

and  Contrexeville  ;  by  J.  Nickles.     J.  Pharm.  [3]  xxxii.  50. 
Researches  on  the  diflusion  of  fluorine  :  by  J.  Nickles.     Compt. 

rend.  xlv.  331. 

Testing  for  fluorine  :  by  J.  Nickles.     J.  Pharm.  [3]  xxxi.  334, 

On  the  compounds  of  tantalum  with  fluorine  :  by  H.  Base.     Ann. 

Ch.  Pharm.  ci.  170. 
Foetus. — On  the  chemical  history  of  foetal  life:  by  J.  Schlossierger. 

Ann.  Ch.  Pharm.  ciii.  193. 
Foam. — On  the  temperature  of  foam  :  by  H.  M.   Witt.     Phil.  Mag. 

[4]  xiii.  468. 

Remarks  on  foam  and  hail:  J.  Tyndall.     Phil.  Mag.  [4]  xiii.  352. 

Force. — On  the  conservation  of  force:  by  JT.   Faraday.     Phil.  Mag. 

[4]  xiii.  225  ;  Pharm.  J.  Trans,  xvi.  533  ;  also  by  G.  Hamilton. 

Pharm.  J.  Trans,  xvi.  551. 
On  the  interaction  of  natural  forces  :  by  H.   Helmholtz.      Sill. 

Am.  J.  [2]  xxiv.  189. 
Froth. — Notes  on  froth:  by  /.  S.   Gladstone.     Phil.   Mag.   [4]  xiv. 

314. 
Franguline. — On  franguline:  by  A.    Cassehnann.     Ann.  Ch.  Pharm. 

civ.  77. 
Fraxinus. — On  a   crystalline  substance   from  the  bark  of  Fraxinus 

excelsior,  which  exhibits  blue  fluorescence :  by  the  Prince  oj 

Salm-Hortsmar.     Pogg.  Ann.  c.  607. 
Fruit. — Chemical  examination  of  the  most  important  kinds  of  fruit : 

by  B.  Fresenius.     Ann.   Ch.  Pharm.  ci.  219;  J.  Pharm.  [3] 

xixii.  234. 
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Fruit. — Composition  of  fruit :  by  'Prof.  Wolff.     Pharm.  J.  Trans,  xvii. 

175. 
Fuel. — Analysis  of  fuel:  by  M.  Grunier.     Ann.  Min.  [5]  x.  73. 
Fusel-oil. — On  the  fusel-oil  of  madder  alcohol :  by  /.  Jeanjean.     Ann. 

Ch.  Pharm.  ci.  94 


a 

Galvanoplasty. — Moulds   of  stearic   acid   and   shell-lac   for   galvano- 

plastic  copies  :  by  M.  Fill.  Chem.  Gaz.  1857,  220. 
G-as. — On  gas-burners  of  steatite:  Ann.  Ch.  Pharm.  cii.  ISO. 
Note  on   the  presence  of  sulphur  in  coal-gas ;  by  L.  Tltompson. 

Pharm.  J.    Trans,  xvi.  379. 
On  a  gas  apparatus  for  organic  analysis,  and  for  igniting  tubes  :  by 

J.  Lehmann.     Ann.  Ch.  Pharm.  cii.  180. 
Garancin. —  On  the  determination  of  the  value  of  madder  and  gar- 

ancine  :  by  H.  Hanner.     Chem.  Gaz.  1857,  51. 
Gases. — New  examination  of  the  gas  produced  in  the  decomposition  of 

water  bv  red-hot  charcoal.     Action  of  this  gas  upon  animals  : 

by  M.  Lauf/lois.     Ann.  Ch.  Phys.    [3]  h.  322. 
On   the   analysis  of  gases   containing   carbon  :  by   M.   Berthelot. 

Ann.  Ch.'Phys.  [3]  li.  59. 
■  On    the    chemical    composition  of  the    gases   emitted   from   the 

volcanic  vents  of   southern    Italy :    by    C.    Deville    and    F. 

Lellanc.     Compt.  rend.  xliv.  769. 
On   decolorising  charcoal  and  its  power  of  absorbing   gases :  by 

J.  StenlwHse.     Ann.    Ch.  Pharm.  ci.  243. 
■ On  the  deviation  from  the  primary  laws  of  elastic  fluids  indicated 

by  the  experiments  of  M.  Eeguault  and  Messrs.  Thomson  and 

Joule  :  by  J.  J.  Waferston.     Phil.  Mag.  [4]  xiv.  279. 
On  the  gaseous  emanations    accompanying   boracic  acid   in   the 

Soffoni  and  Lagoni  of  Tuscany:  by  C.  Deville  and  F.  Lellanc. 

Compt.  rend.  xlv.  750,  787. 
On  the  gases  of  the  blood  :  by  L.  Meyer.     Pogg.  Ann.  cii.  299  ; 

Phil.  Mag.  [4]  xiv.  263. 
■ On  the  measurement   of  the  index   of  refraction  of  gases :  by 

/.  Jamm.     Ann.  Ch.  Phys.  [2]  xKx.  282. 
On  the  natural  relations  of  certain  gases  at  high  temperatures: 

by  J.  Schiel.     Ann.  Ch.  Pharm.  civ.  223. 
Relations  between  the  density,  specific  heat,  and  composition  of 

gases:  by  C.  Boedeker.  Ann.  Ch.  Pharm.  civ.  205. 
On  the  sounds  produced  bv  the  combustion  of  gases  in  tubes ;  by 

J.  Ti/ndall.     Phil.  Mag.  [4]  xiii.  473. 
Some  remarks  on  heat  and  on  tlie  constitution  of  elastic  fluids :  by 

/.  P.  Joule.     Phil.  Mag.  [4]  xiv.  211. 
Glass. — Action  of  acids  upon  glass:  J.   Kickles.     Compt.  rend.  xliv. 

679  ;  Chem.  Gaz.  1857,  238  ;  J.  Pharm.  [3]  xxxi.  334. 
On  a  kind  of  crystallised  bottle  glass :  by  A.  Terreil.    Compt.  rend. 

xlv.  693. 
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Glass. — On  the  preparation  of  soluble   glass   in  tlie  humid  way:  by 

J.  Liehig.     Ann.  Ch.  Pharm.  cii.  101. 
On  soluble   glass,   its    prepai-ation  and  application:   by  J.  N.  v. 

Fiichs.     Chem.  Gaz.  1857,  130,  157. 
Use  of  soluble  glass  as  a  manure  in  the  cultivation  of  cereals :  by 

W.  Knop.     J.  Pharm.  [3]  xxxii.  160. 
-Glucoiiieter. — See  Sugar. 

Glue. — Elastic  glue  for  dentists,  (fee.     Phaxm.  J.  Trans,  xvii.  28. 
■ On  a  method  of  obtaining  glue  from  certain  kinds  of  leather:  by 

J.  Stenhouse.     Pharm.   J.   Trans,  xiii.  119 ;  Ann.  Ch.  Pharm. 

civ.  239. 

Production  of  phosphorus,  glue  and  sal-ammoniac :  by  F.  Gentele. 

Pharm.  J.  Trans,  xiii.  207. 

Glycerin. — Action  of  nitric  acid  upon  glycerin:  by  H.  Debus.  Phil. 
Mag.  [-1]  xiii.  537. 

On  the  action  of  the  chlorides  and  bromides  of  phosphorus  on  glyce- 
rin :  by  J^.  Berthelot  and  de  Ltica.     Ann.  Ch.  Pharm.  ci.  67. 

On   the   action  of  succinic   and   citric  acids  upon   glycerin :    by 

J.  M.  van  Beminelen.  J.  pr.  Chem.  Ixviii.  S-1 ;  Cliem.  Gaz. 
1857,  70. 

On  tlie  artificial  formation  of  glycerin :  by  A.  Witrtz.      Ann.  Ch. 

Phvs.  li.  91 ;  Compt.  rend.  xliv.  778  :  xlv.  218  ;  Chem.  Gaz. 
1857,  205  ;  Ann.  Ch.  Pharm.  cii.  339  ;  J.  Pharm.  [3]  xxxi.  438. 

On   the  compounds  of  glycerin  with    hydrochloric,  hydrobromic, 

and  acetic  acids  :  by  M.  Berthelot  and  S.   de  Luca.     Compt. 

rtnd.  xlv.  178,  211 ;  Chem.  Gaz.  1857,  362. 
On  the  conversion  of  maunite  and  glycerin  into  a  true  sugar  :  by 

M.  Berthelot.     Compt.  rend.  xliv.   1002 :  Chem.    Gaz.  1857, 

255 ;  Ann.  Ch.  Phys.  [3]  1.  369 ;  J.    Pharm.  [3]  xxxi.  432. 
Glycogenic  function. — See  Sugar. 
Glycol. — On  the  oxidation  of  glycol  and  the  formula  of  carbonic  acid: 

by  A.  Wurtz.     Compt.  rend.  xliv.  1306 ;    Ann.    Ch.  Pharm. 

ciii.  366. 
Glycols. — On  propvlic  glvcol :  by  A.  Wurtz.     Compt.  rend.     xlv.  306. 
Glyoxal  — On  glyoxal :  by  H.  Bebus.     Phil.  Mag.  [1]  xiii.  66. 
Gold.  —  Observations   on  hnely  divided  gold:  by  M.  Faraday.     Pogg. 

Ann.  ci .  313. 
On  gold  in  the  form  of  malleable  sponge  :  by  D.  Forbes.     Chem. 

Gaz.  1857,  47. 
— On  some  gold  and  platinum  bases  containing  phosphorus,  arsenic, 

and  antimony :  by  ^.    W.   Hofmann.     Ann.   Ch.  Pharm.    ciii. 

357 ;  Proc.  Eoy.  8oc.  viii.  500  ;  Chem.  Gaz.  1857,  333. 
On  the  relations  of  gold  and  other  metals  to  light :  by  M.  Faraday. 

Proc.  Eoy.  Soc.  viii.  356  ;  Phil.  Mag.  [4]  xiii.  401,  512. 
Eemarks  on  the  action  of  heat  on  gold  and  its  alloy  with  copper: 

by  J.  Napier.     Chem.  Soc.  Qu.  J.  x.  229. 
Grain. — On   the  preservation  cf  grain  by  means  of    quick -lime :    by 

J.  Persoz.     Compt.  rend.  xliv.  1162  ;  xlv.  149. 
Guanine. — On  guanine  :  by  C.  Neubauer   and    G.  Kerner.     Ann.  Ch. 

Pharm.  ci.  318. 
—  On  the  compounds  of  guanine  with   hydrobromic  and   hydriodic 

acids  :  by  G.  Kerner.     Ann.  Ch.  Pharm.  ciii.  268. 
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Gruanine. — On  the  physiological  relations  of  guanine:  by  G.  Kerner- 

Ann.  Ch.  Pliarm.  ciii.  249. 
Ouano. — Examination  of  the   volatile   bases   and    acids   in   Peruvian 

guano  :  by  E.  Lucius.     Ann.  Ch.  Pharm.  ciii.  105. 
^  Estimation  of  nitrogen  in  guano  :  by  M.  Bohierre.     Compt.   rend. 

xlv.  923. 
Investigations  on  the  rock-guano  from  the  islands  of  the  Carib- 
bean Sea :  by  W.  J.  Taylor.     SHI.  Am.  J.  [2]  xxiv.  177. 
Guiacum. — Method  of  testing  guaicum  for  admixture  of  other  woods  : 

Pharm.  J.  Trans,  xvii.  206. 
Gum. — Examination  of  gums  used  for   thickening  colors :  \ij  AT.  Sacc. 

J.  Pharm.  [3]  xxxii.  119. 
On    the    transformation    of    soluble    into    insoluble    gums :    by 

M.  Gelis.     J.  Pharm.  [3]  xxxi.  216. 
Gums. — Eesearches   on   the  mode  of  production  of    gum-tragacanth : 

by  Hugo  v.  ALohl.     J.  Pharm.  [3]  xxxii.  61. 
Gypsum. — New  system  of  moulding  in  plaster,  so  as  to  give  to  this 

substance  the  hardness  and  durability  of  marble  :  by  F.  Abate. 

Compt.  rend,  xlv,  125. 


H. 

Hay. — Analytical  researches  on  hay  and   its   infusion  :    by  /.  Tierre. 

Compt.  rend.  xliv.  693. 
Heat. — Determination  of  the  amount  of  work  which  produces  a  imit  of 

heat,  by  means  of  the  electric  current .  by  G.  de  Quinttcs  Jcilius 

Compt.  rend.  xliv.  420. 

On  the  nature  of  tlie  motion  which  we  call  heat :  by  S.  Clausitcs. 

Pogg.  Ann.  c.  353 ;  Phil.  Mag.  [4]  xiv.  108. 

Some  remarks  on  heat,  and  on  the  constitution  of  elastic  fluids:  by 

/.  P.  Joule.  Phil.  Mag.  [4]  xiv.  211 ;  Ann.  Ch.  Phys.  [3] 
1.  381. 

On  the  evolution  of  heat  which  accompanies  the  molecular  changes 

of  sulphur  and  mercuric  iodide  :  by  JR.   Weber.      Pogg.    Ann. 

c.  127. 
On  the  thermal  effects  of  fluids  in  motion :  by   W.  Thomson  and 

J.  JP.  Joule.     Proc.  Eoy.  Soc.  viii.  556. 
On   two  striking   examples  of  lowering  of  the  melting  point :  by 

F.  G.  Scliqffgotsch.     Pogg.  Ann.  ci'i.  293. 

On  the  thermal  eftects  of  longitudinal  compression  of  solids :  by 

J.  P.  Joule  ;  and  on  the  alterations  of  temperature  accompany- 
ing changes  of  pressure  in  fluids  :  TF.  Thomson.  Proc.  Hoy. 
Soc.  viii.  564. 

The  hypothesis :  Heat,  a  product  of  temperature  and  mechanical 

force,  and  the  theory  of  the  equivalency  of  heat  and  work :  by 
V.  Seydlitz.     Pogg.  Ann.  xcix.  562. 

On  some  laws  relating  to  the  boiling  points  of  organic  compounds: 

by  H.  Kopp.     Ann.  Ch.  Phys..  [3]  xlix.  338. 

•  On  the  melting  and  boiling  points  of  the  members  of  certain  triads : 
by  P.  Kremers.     Pogg.  Ann.  c.  261. 


IN   BRITISH   AND    FOREIGN   JOURNALS.  359 

Heat. — Eesearclies  on  tlie  diathermancy  of  certain  coloured  liquids  :  by 

H.  Franz.     Pogsr.  Ann.  ci.  46, 
Eegulator  for  obtaining  a  constant  temperature  by  means  of  gas  : 

Phariu.  J.  Trans,  xvii.  28. 
On  the  chemical  influence  of  pressure  and  heat.     Pharm.  J.  Trans. 

xvii.  319. 
On  the  effect  of  heat  on  the  colour  of  salts  in  solution  :  by  J".  H. 

Gladstone.     Pliil.  Mag.  [4]  xiv.  423. 
On  the  alterations   produced  by  change  of  temperature  in  the 

medium  volume  of  dissolved    salt-masses  :    by   P.   Kremers. 

Pogg.  Ann.  c.  394. 
Method  of  heating  substances  above  100°  C.  with  water.  Ann.  Ch. 

Pharm.  ciii.  1]7. 

On  the  electrical  formula  of  heat:  by  P.  Riess.    Pogg.  Ann.  c. 

478. 
On  the  specific  heat  of  some  simple  bodies,  and  on  the  isomeric 

modifications  of  selenium  :  by    V.  Hegnault.     Phil.  Mag.   [4] 

xii.  4S9. 
Comparison  between  the  modifications  of  specific  heat  and  specific 

volume  ;  by  P.  Kremers.     Pogg.  Ann.,  c.  89. 
On  the  influence  of  metals  on  radiant  heat ;  by  H.  Knoblauch. 

Pogg.  Ann.  ci.  161 ;  Phil.  Mag.  [4]  xix.  356. 
Experimental  researches  on  the  conductive   power  of  various  sub- 
stances, vrith  the  application   of  the  results  to  the  problem  of 

terrestrial   temperature :    by    W.    Hoplcins.     Proc.  Eoy.    Soc. 

viii.  535. 
Oq  the  action  of  lieat  on  neutral  organic  substances  :  by  A.  Gelis. 

Compt.  rend.  xlv.  590. 
On  the  dissociation  or  spontaneous  decomposition  of  bodies  under 

the  influence  of  heat ;  by  H.  Deville.     Compt.  rend.  xlv.  857. 

On  Eiess's  law    of  electrical   heat  :    by   Tf^.  Snow  Harris.     Phil. 

Mag.  [4]  xii.  553. 
On  the  thermo-electricity  of  ferruginous  metals,  and  on  the  thermal 

effects  of  stretching  solid  bodies  :  by  J.  P.  Joule.     Proc.  Eoy. 

Soc.  viii.  355. 
Honey. — Adulteration  of  honey  :  Pharm.  J.  Trans,  xxii.  32. 
Huanokine. — On  Imanokine  ;  a  new  alkaloid  from  Peruvian  bark:  by 

A.   Erdmann.     Ann.    Ch.   Pharm.   c.  341 ;  Chem.   Gaz.  1857 

364 ;  Ann.  Ch.  Phvs.  [3]  1.  482. 

On  huanokine  :  by  J.  K.  de  Vrij.     J.  Pharm.  [3]  xxxii.  328. 

Hydracids. — See  Acids. 

Hy  drocarbonates. — Experiments  on  the  artificial  formation  of  alkaline 

and  earthy  hydrocarbonates  :  bv  A.  Daniour.  Compt.  rend.  xliv. 

561. 
Hydrocarbons.  —  On  the   direct  combination  of  the  hydracids  with 

the  hydrocarbons  :  by  M.  Bertlielot.    Compt.  rend.  xliv.  1350 ; 

Chem.    Gaz.  1857,  354;  J.  Pharm.  [3]   xxxii.  90;  Ann.  Ch. 

Pharm.  civ.  184. 

On  some  bromides  of  hvdrocarbons  :  bv  A.    Wurtz.     Ann.   Ch. 

Phys.  [3]  li.  84:  Ann.  Ch.  Pharm.  civ.  242. 
Hydrogen. — New  experiments  on  the  different  states  of  hydrogen  gas: 
by  G.  Osann.     J.  pr.  Chem.  xlix. 


360  TITLES   OP    CHEMICAL    PAPERS 

Hydrogen. — On  a  compound  of  silicium  and  hydrogen:  by  F.  W'older 

and  H.  Bvff.    Ann.  Ch.  Pharm.  ciii.  218. 
On  the  action    of  nascent  hydrogen  on  bisulphide  of  carbon :  by 

A.  Girard.     Compt.  rend,  xlviii.  396  ;  Ann.  Ch.  Pharm.  c.  306, 
• On    the    influence  of    nascent   hydrogen    on  amalgamation  :  by 

M.  Cailletet.     Compt.  rend.  xlix.  1250. 
Hypoxanthin. — Simple   reaction   for  the  detection  of  hypoxanthin : 

bv  Frof.   ScJierer.  J.  p.  Chem.  Ixx.  406  j  Chem.   Gaz.  1857, 

455. 


I. 

Ice. — Economical  production  of  ice  by  means  of  the  evaporation  of 

ether  in  vacuo :  by  Mr.  Harrison.     J.  Pharm.  [3]  xxxi.  449  ; 

Pharm.  J.  Trans,  xvi.  477. 
Ilixanthin. — Ilixanthiu  and  ilcxic  acid  in  the  leaves  of //^-j?  aquifolium: 
by  F.  MoldenJiauer.     Ann.  Ch.  Pharm.  cii.  346;  Chem.   Gaz. 

1857,  304. 
Illumination.— On  the  distillation  of  fossils  and  other  substances  as 

materials  for  illumination,  and  examination  of  the  products  of 

the  distillation  of  the  bituminous  sand  from  Heide  in  Holsteiii: 

by  Th.  Engelbach.     Ann.  Ch.  Pharm.  ciii.  1. 
On  the  products  of  the  distillation  of  the  Ehenish  bituminous  shale, 

and   of  Saxon  and  Thuringian  lignite,  and  the  application  of 

their  products  as  materials  of  illumination  :  by  Hermann  Vohl. 

Ann.  Ch.  Pharm.  ciii.  283. 
Indigo — On  the  occurrence  of  indigo-blue  in  urine:  by  ^.  ScJiunck. 

Phil.  Mag.  [4]  xiv.  288. 
Ink. — Alizarin  ink.     Pharm.  J.  Trans,  xvi.  377. 

■ Black  ink.     Pharm.  J.  Trans,  xvi.  568. 

Chemical  writing  without  ink:  by -4.  Tolhausen.     Pharm.  J.  Trans. 

xvii.  227. 
On  the  preparation  of  a  writing  ink  in   cakes :  by  A.  Leonhardi. 

Chem.  Gaz.  1857,  117  ;  Pharm.  J.  Trans,  xvi.  531. 

Preparation  of  ink:  by  Dr.  Bley.     Pharm.  J.  Trans,  xlii.  125. 

Iodides. — Action  of  iodide  of  ethyl  on  the  silver-salts  of  some  inorganic 

acids  :  by  H,  B.  Naso7i.     Ann.  Ch.  Pharm.  civ.  126. 

Iodide  of  antimony.     Pharm.  J.  Trans,  xvi.  402. 

. On  iodide   of  acetyl :  by  F.    Guthrie.     Phil.  Mag.   [4]   xiv.  183 ; 

Ann.  Ch.  Pharm.  ciii.  335. 

On  iodide  of  aluminium  :  by  R.  Weler.     Pogg.  Ann.  ci.  465. 

On  iodide  of  cadmium :  by  A.  B.  Garrod.     Pharm.  J.  Trans,  xvii. 

260. 

On  metallic  iodides  :  by  M.  Hoat.     Compt.  rend.  xliv.  617. 

On  terriodide  of  bismuth  :  by  R.  Schneider.     Chem.   Gaz.   1857. 

106. 
On  the  iodides  of  some  organic  acid  radicals  :  by  A.  Cahours.  Compt. 

rend.  xliv.  1252  ;  Ann.  Ch.  Pharm.  civ.  109. 
On  the  preparation  of  the    iodide    of    mercurous    chloride  :    by 

M.  Gohley.     J.  Pharm.  [3]  xxxiii.  51. 


IN    BRITISH   AND   FOREIGN    JOURNALS.  361 

Iodine. — On  the   solubility  of   iodides    in  syropus  ferri  iodidi  :     by 
J.  Marsch.     Phann,  J.  Trans,  xvii.  39. 

Detection  of  bromine  and  iodine  in  mineral  ^vaters  :  by  0.  Henry 

and  E.  Humbert.     Couipt.  rend.  xliv.  634. 

' Influence  of  temperature  and  other  circumstances  on  the  delicacy 

of  the  iodamvlum  reaction  ;  by  B.  Fresenius.  Ann.  Ch.  Pharm. 
cii.  184. 

Iodine   in  phosphorite  from  Amberg  :  by  W.  Meyer.     Ann.  Ch. 

Pharm.  ci.  281. 
——  New   method   of  detecting  iodine   and  bromine :     by  O.  Henry 
and  E.  Humhert.      Compt.  rend,  xliv,  634  ;  Chem.  Gaz.  1857, 
240. 

Note  on  the  action  of  iodide  of  starch  upon  different  salts :  by 

F.  Pisani.     Compt.  rend,  xliii.  1118  ;  Chein.  Gaz.  1857,  83. 

On  some  facts   relating    to    iodide  of  silver    and    the    metallic 

chlorides  and   fluorides :    by   H.    Ste.    Claire   Deville.     Ann. 
Ch.  Pharm.  ci.  197. 

On  the  behaviour  of  iodine  with  basic  acetate  of  lanthanum:  by 

A.  Damour.     Ann.   Ch.   Pharm.   ci.  365  ;  Compt.  rend.  xlii. 
976. 

On  the  estimation  of  iodine  dissolved  in  alcohol :  by  JSL.  Commaille. 

J.  Pharm.  [3]  xxxii.  321. 
On  the  separation  of  iodine,  bromine,  and  chlorine,  and  the  com- 
parative afiinity  of  these  elements  for  silver,  with  some  analyses 
of  their  combinations  with  that  metal  occurring  in  Chili :  by 
F.  Field.  Chem.  Soc.  Qn.  J.  x.  234;  Proc.  Eoy.  Soc.  viii. 
496  ;  Chem.  Gaz.  1857,  318. 

On  the  quantitative  estimation  of  chlorine,  bromine,  and  iodine : 

by   F.   Fisani.     Compt.   rend.  xliv.   852;  Chem.  Gaz,  1857, 
119. 

Preparation  of  iodide  of  potassium.     Ann.   Ch.  Pharm.  c.  339 ; 

Chem.  Gaz.  1857,  392. 
Iodoform. — On  a  new  product  obtained  by  the  action  of  potash  on 

iodoform:  hj  A.  Briining.     Ann.  Ch.  Pharm.  civ.  187. 
Iron. — Determination  of  alumina   and   sesquioxide  of  iron  :    by  Dr. 

Grayer.     Arch.  Pharm.  cxl.  300  ;  Chem.  Gaz.  1857,  437. 
— —  New  persulphate  of  iron :  by  M.  Monsel.     J.  Pharm.  [3]  xxxii. 
208. 

On  a  simple  method  of  determining  the  carbon  in  cast  iron :  by 

Prof.  V.  KoheU.     Chem.  Gaz.  1857,  439. 

On  Bessemer's  process.     Ann.  Min.  [5]  ix.  643. 

On  saccharated  protoxide  of  iron  :  by  M.  Latour.     J.  Pharm.  [3] 

xxxii.  328. 

On  sesquioxide  of  iron :  by  Mr.  AllcMn.     Pharm.  J.  Trans,  xv;. 

452. 

On  the  behaviour  of  protoxide  of  iron  with  oxide  of  silver :  by 

H.  Eose.  Berl.  Akad.  Ber.  1857,  287 ;  Chem.  Gaz.  1857,  345. 
On  the  chemical  changes  which  pig-iron  undergoes  during  its  con- 
version into  wrought-iron :  by  F.  C.  Calvert.  Phil.  Mag. 
[4]  xiv.  165  ;  Compt.  rend.  xlv.  594. 
On  the  indirect  determination  of  iron  by  sulphuretted  hydro- 
gen :  by  Frof.  Delfs.     Chem.  Gaz.  1857,  39. 


362  TITLES   OF    CHEMICAL    PAPERS 

Iron. — On  the  separation  of  iron  from  manganese:  by  F.  Field.    Chem. 

Gaz.  1857,  374. 
On  the  tenacity  of  iron  wires  which  have  been  traversed   by  an. 

electric  current :  by  L.  Dufour.     Pogg.  Ann.  xcix.  611. 
Preparation  oi  ferrmn  reductum:  by  Zdngerle.     Pharm.  J.  Trana, 

xvi.  565. 
Preparation  of  a  pure  iron  amalgam  :  by  B.  Bbttger.     Pogg.  Ann. 

ci.  10.  , 
Report  on  certain  patents  connected  with  the  reduction  and  puri- 
fication of  iron  and  the  manufacture  of  steel :  by  F.  A.  Abel. 

Chem.  Soc.  Qu.  J.  x.  125. 
Besearches  on    the  action  of  sulphur  upon    iron,   and   that   of 

phosphorus   in   neutralising   the   action    of  the    sulphur :  by 

M.  Janoyer.     Sill.  Am.  J.  [2]  xxiv.  330. 
Isomorphism. — Isomorphism  between  isomeric  substances  differing  in 

their  relations  to  polarised  light :    by  L.  Pasteur.     Compt. 

rend.  xlii.  1259 :  Pharm.  J.  Trans,  xvii.  168. 


K 

Ketones. — On  the  rational  constitution  of  the  ketones:  by  S.  KoTbe. 
Ann.  Ch.  Pharm.  ci.  257. 


Lactates. — On  lactic  acid  and  some  of  its  salts  :  hjA.Briininff.  Ann. 
Ch.  Pharm.  civ.  191. 

Lanthanum. — On  the  behaviour  of  iodine  with  basic  acetate  of 
lanthanum  :  by  A.  Damour.  Ann.  Ch.  Pharm.  ci.  365 ; 
Compt.  rend,  xliii.  976. 

"Lava. — On  the  formation  of  craters,  and  the  nature  of  the  liquidity  of 
lavas:  by  G.  P.  Scrope.  Phil  Mag.  [4]  xiii.  128,  188;  SiU. 
Am.  J.  [2]  xxiii.  346. 

Lead. — Assay  and  analysis  of  a  series  of  products  from  the  argenti- 
ferous lead-works  at  Carnoules  (Gard)  :  by  M.  Lan.  Ann. 
Min.  [5]  ix.  333. 

— —  Estimation  of  oxide  of  lead :  by  A.  Vogel.  Pharm.  J.  Trans,  xvi.  475. 

On  the  cause  of  the  waste  of  lead  and  silver  ores  during  the  pro- 
cess of  washing  :  by  F.  Fournet.     Compt.  rend.  xlv.  619. 

On  the  electrolysis  of  lead-salts :  by  C.  Despretz.     Compt.  rend. 

xlv.  449. 

— —  On  the  use  of  sulphate  of  lead  in  various  industrial  processes : 
by  H.  Masson.     Compt.  rend.  xliv.  663. 

• On  the  vein  of  lead  ore  in  the  carboniferous  limestone  of  Flint- 
shire :  by  L.  Moissenet.     Ann.  Min.  [5]  x.  351. 

Leech.— On  the  chemical  constitution  of  the  nervous  system  of  the 
leech  :  by  MM.  Leconte  and  Faivre.     Compt.  rend.  xlv.  628. 

Leucin.  —  On  leucine  and  alanine  :  by  H.  Limpricht.  Ann.  Ch. 
Pharm.  ci.  295  ;  Chem.  Gaz.  1857,  203. 


IN   BRITISH   AND   FOREIGN   JOURNALS.  363 

Leucin. — On  some  reactions  of  leucin  :  by  Huqo  ScTiwanert.     Aim. 

Ch.  Pharm.  cii.  221 ;  Chem.  Gaz.  1857,  351. 
Simple   reaction   for    the    detection  of  leucin  :  by  Prof.  Scherer. 

J.  pr.  Chem.  Ixx,  400 :  Chem.  Gaz.  1857,  454. 
Light. — New  polariser  of  Iceland  spar.     Experiment  of  fluorescence  : 

by  L.  Foucault.     Compt.  rend.  xlv.  238. 
On  a  crystalline  substance  from  the  bark  of  Fraxinus  excelsior, 

which  exhibits  blue  fluorescence.      Pogg.    Ann.  c.  607 ;    ci. 

400. 
On   a  new    mode   of  action    of  light :   by  Niepce  de  St.  Victor. 

Compt.  rend.  xlv.  811. 
On  an  optical  test  for  didymium  :  by  J.  H.   Gladstone.     Chem. 

Soc.  Qu.  J.  X.  219. 
On  the  action  of  light  on  chloride  of  silver  :  by  F.  Guthrie.    Chem. 

Soc.  Qu.  J.  X.  74. 
On  the  electric  light :   by  S.  Dove.     Pogg.  Ann.  ci.  292  :  Phil. 

Mag.  [4]  383. 
On  the  influence  of  light  upon  chlorine,  and  some  remarks  upon 

alchemy  :  by  J.  TV.  Draper.     Phil.  Mag.  [4]  xiv.  321. 
On  the  influence  of  light  upon  chlorine  :  by  H.  F.  Boscoe.     Phil. 

Mag.  [4]  xiv.  504. 
On  the  measurement  of  the  chemical  action  of  Kght :  by  /.  W. 

Draper.     Phil.  Mag.  [4]  xiv.  161. 
On  the   measurement  of  the   index  of    refraction  of  gases:    by 

J.  Jamin.     Ann.  Ch.  Phys.  [3]  xlix.  282. 
On  the  measurement  of  the  length  of  undulation  of  the  ultraviolet 

rays  :  by  M.  Fsselbach.     Pogg.  Ann.  xcviii.  513  ;  Ann.  Ch. 

Phys.  [3]1.  121. 
On  the  optical  characters  of    certain   alkaloids   associated   with 

quinine,  and  on  the    sulphates  of  their  iodo-compounds  :  by 

W.  B.  Herapath.     Proc.  Eoy.  Soc.  viii.  340. 
On  the  optical  properties  of  transparent  bodies  imder  the  influ- 
ence of  magnetism  :  By  M.  Verdet.     Pogg.  Ann.  c.  172. 
On  the  phenomenon  of  fluorescence:  by  CM.  Guillemin.     Compt. 

rend.  xlv.  773. 

On  the   prismatic   spectra  of  the  flames  of  hydrocarbons  :    by. 

W.  Swan.     Pogg.  Ann.  c.  306. 
On  the  relations  of  gold  and  other  metals  to  light :  by  31.  Faraday. 

Proc.  Eoy.  Soc.  viii.  306. 
— —  On  the  use  of  the  prism  in  qualitative  analysis :  by  J.  S.  Glad- 
stone.    Chem.  Soc.  Qu.  J.  x.  79. 
On  various  luminous  effects  resulting  from  the  action  of  light  on 

bodies  :  by  F.  Becquerel.     Compt.  rend.  xlv.  815. 
Photochemical  researches :  by  B.  Bunsen  and  S.  F.  Boscoe. 

Part  I. — On  the  measurement  of  the  chemical  action  of  light.  PhiL 
Trans.  1857,  355;  abstr.  Pogg.  Ann.  c.  43;  Proc.  Roy.  Soc. 
viii.  235. 

Part  II. — Photo-chemical  induction.  Phil.  Trans.  1857,381;  Pogg. 
Ann.  c.  481 ;  ahstr.  Proc.  Roy.  Soc.  viii.  226. 

Part  III. — The  optical  and  chemical  extinction  of  the  chemical  raya. 
Pogg.  Ann.  ci.  235  ;  ahstr,  Proc.  Eoy.  Soc.  viii.  626. 


364  TITLES   OF    CHEMICAL   PAPERS. 

Light. — Notice  of  a  photometer,  and  experiments  therewith  on  the 

comparative  power  of  several  artificial  means  of  illumination : 

by  £.  Silliman  and  C.  R.  Porter.     Sill.  Am.  J.  [2]  xxiii.  315. 
Photometric  researclies :    by   F.    Zollner.      Pogg.   Ann.  c.  381, 

474. 
Preliminary  researches  on  the  alleged  influence  of  solar  light  on 

the  process  of  combustion :  by  J.  Leconte.     Sill.  Am.  J.   [2] 

xxiv.  317. 
Eesearches  on  indices  of  refraction  :  by  J.  Jamin.     Compt.  rend. 

xlv.  892. 
• On  the  discovery  of  circular  polarisation  in  crystals  of  cinnabar  ; 

and  on  the    simultaneous   existence    of  the   rotatory  povrer 

in  the  crystals  and  in  the  solutions  of  sulphate  of  strychnine : 

by  M.  Descloizeaux .     Ann.  Ch.  Phys.  [3]  li.  361. 
I  On  the  principle  of  Nicol's  rhomb,  and  on  some  improved  forms 

of  rhombs  for  procuring  beams  of  plane  polarised  light :  by 

Frof.  Potter.     Phil.  Mag.  [4]  xiv.  452. 
Lime. — Analysis  of  phosphate  of  lime  from  Lognosan  in  Estremadura: 

by  ii.  de  Luna.     Compt.  rend.  xlv.  376. 
..         Comparative  action  of  lime  and  its  carbonate  on  metallic  solutions  : 

by  C.  Ussier.     Compt.  rend.  xliv.  1017. 
Conversion  of  carbonate   of  lime  into  sulphate  by  the  action  of 

sulphate  of  ammonia  :    by   A.  Levol.     J.   Pharm.   [3]  xxxii. 

116. 
On  phosphate  of  lime  in  the  fossil  shells  of  certain  lime-stones : 

by  Ch.  3Iene.     Compt.  rend.  xliv.  685. 

■  On  the  solubility  of  fossil  phosphates  of  lime  in  carbonic  acid  :  by 

A.  Bohierre.     Compt.  rend.  xlv.  167. 

On  the  solubility  of  fossil  phosphates  of  lime  in  the  natural  acids 

of  the  soil :  by  M.  Deherain.     Compt.  rend.  xliv.  13  ;  Chem. 
Gaz.  1857,  256. 

■  On  the  solubility  of  phosphate  of  lime  in  certain  organic  liquids : 

by  L.  Mancll.     Compt.  rend.  xliv.  1108. 
• On  superphosphate  of  lime  and  the  mixture  of  ground  bones  with 

sulphuric  acid:  by -4.  Miiller.     J.  pr.  Chem.  Ixviii.  535. 
On  the  chromate  of  lime  and  strontia  :  by  J.  W.  Slater.     Chem. 

Gaz.  3857,247. 
Eemarks  on   the  solution  of  carbonate  of  lime  :   by  A.  Bineau. 

Ann.  Ch.  Phys.  [3]  li.  290. 
Third  memoir  on  hydraulic  limestones,  and  on  the  formation  of 

rocks  in  the  wet-way :  by  F.  Kuhlmann.     Compt.  rend.   xlv. 

738. 
Liquids. — On  the  passage  of  liquids  through  porous  diaphragms:  by 

MM.  van  Breda  and  Logeman.     Pogg.  Ann.  c.  149. 
Liquorice. — On  liquorice-juice:  J.  Pharm.  [3]   xxx.  428;  Pharm.  J. 

Trans,  xvi.  403. 
Lithia. — On  the  separation  of  magnesia  and  lithia  :  by  Jl  W.  Mallet. 

Sill.  Am.  J.  [2]  xxiii.  427  ;  xxiv.  137. 
Lithium. — On  the  atomic  weight  of  lithium  :  hy  <T.  W.  Mallet.     Ann. 

Ch.  Pharm.  ci.  370. 
— — —  Researches  on  lithium   and  its  salts :  by  L.   Troosf.     Ann.    Ch. 

Phys.  [3]  xlix,  129 ;  li.  103. 
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Lycopodium. — Determination  of  the  amount  of  alumina  and  silica  in 

Lycopodium  denticulatum  :  hy  F.  II.  Grafen.   Ann.  Ch.  Pharm. 

c.  297. 
On  lyeoresin,  lycostearone,  and  the  bitter  principle  of  Lycopodium 

chamcecyparissus  :  by  Moritz  Kamp.     Ann.  Ch.  Pharm.  c.  298 ; 

Chem.  Gaz.  1857,  308. 
Lymph. — Chemical  investigation  of  human  lymph  :  by  Frof.  Scherer. 

J.  pr.  Chem.  ks.  413  ;  Chem.  Gaz,  1857,  418. 


M. 

Madder. — On  an  ammouiacal  extract  of  madder  for  dyeing  purposes  : 

by  J.  H.  Woolhert.     Chem.  Gaz.  1857,  60. 
On  the  determination  of  the  value  of  madder  and  garancin :  by 

H.  Hannes.     Chem.  Gaz.  1857,  51. 
Preparation    of   the    red    colouring   matter  from    madder :    by 

E.  Schwartz.     Chem.  Gaz.  1857,  56. 
Magnesia. — On   the  separation  of  magnesia  and  lithia :    by  J.    W. 

Mallet.     Sill.  Am.  J.  [2]  xxiii.  427  ;  xiv.  137. 
Magnesium. — On  magnesium,  its   preparation  and  volatilisation:  by 

H.  Deville  and  H.  Caron.     Compt.  rend,  xliv,  394 ;  Ann.  Ch. 

Pharm.  ci.  359  ;  Chem.  Gaz.  1857,  121. 

Volatility  of  magnesium.     Pogg.  Ann.  ci.  234. 

Magnetism. — On  diamagnetic  actions  :  by  M.  Beich.    Ann.  Ch.  Phys. 

[3]  1.  123. 
On  the  magnetic  induction  of  crystals  :  by  J.  PliicJcer.     Proc.  Roy. 

Soc.  viii.  448. 
•         On  the  magnetism  of  steel  bars  :  by  G.  Wiedemann.     Pogg.  Ann. 

c.  235. 
Manganese. — Preparation  and  properties  of  manganese:  by  O.  JBrunner. 

Compt.   rend.    xliv.   630 ;    Pogg.  Ann.   ci.  254 ;  Chem.   Gaz. 

1857,  163. 
On    reduced    manganese,    nickel,    cobalt,    chi'omium,   &c.  :     by 

II.  Ste.-Claire  Deville,  Brunner  and  Fremy.     Ann.  Ch.  Phys, 

[3]  xlvi.  182  ;  Ann.  Ch.  Pharm.  cii.  326. 
Manganate  of  potash  as  a  decolorising  agent :  by  A.  Gossmann. 

J.  Pharm.  [3]  xxxi.  319. 
Note  on  the  determination  of  manganese,  nickel,  cobalt,  and  zinc : 

by  A.  Terrell.     Compt.   rend.  xlv.    652  ;  Chem.    Gaz.    1857, 

452 ;  J.  Pharm.  [3]  xxxii.  383. 
On  the  oxalate  of  manganese :  by  H.  Croft.     Chem.  Gaz.  1857, 

62. 
On  the  separation  of  iron  from  manganese :  by  F.  Field.     Chem. 

Gaz.  1857,  374. 
On  the  transformation  of  carbonate  of  manganese  at  high  temper- 
atures :  by  W.  Reissig.     Ann.    Ch.    Pharm.  ciii.  27. 
Mangold  wurzel. — Contributions  to  the  history  of  mangold  wurzel : 

by  A.  Mailer.     J.   pr.  Chem.  Ixviii.  517. 
Manioc. — Composition  and  products  of  the  manioc  {Jatropha  Manihoi)  : 

by  M.  Fay  en.     Compt.  rend.  xliv.  401. 
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Mannite. — On  tlie  conversion  of  mannite   and   glycerin  into  a   true 

sugar:  by  M.   Berthelot.     Compt.    rend.    xliv.    1002;  Chera. 

Gaz.  1857,  255  ;  Ann.   Ch.   Phvs.  [3]  1.   369  ;    J.  Pharm  [3] 

xxxi.  432. 
On  the  production  of  mannite  by  marine  plants :  by  T.  Phipson. 

Compt.  rend,  xliii.  1056 ;   Pharm.  J.  Trans,  xvi.  530. 
Manure. — Action   of  alkaline   ashes  as   a  manure;    by  A.    Bohierre. 

Compt.  rend.  xliv.  467. 
On  the  fixation  of  the  valuable  constituents  of  stable  manure  in 

the  soil :  by  P.  Thenar d.     Compt.  rend.  xliv.  819,  980  ;  Chem. 

Gaz.  1857/308  ;  J.  Pharm.  [3]  xxxii.  67. 
Use  of  waste  products  in   agriculture  :  by  MM.  Moll  and  Mille. 

J.  Pharm.  [3]  xxxi.  225. 
Marine  constructions. — On  the  materials  used  in  marine  construc- 
tions :  by  MM.  Oliatoney   and  Pivot:     Ann.  Min.  [5]  ix.  505  ; 

X.  1. 
Matches. — Preparation  of  matches :  by  i2.  Wagner.     Pharm.  J.  Trans. 

xvi.  431. 
Mercury. — Estimation  of  mercury:  J.  Pharm.  [3]  xxxi,  271. 
-^ Mines  of  mercury  in    California :  by  J.  Lefort.     J.   Pharm.  [3] 

xxxi.  465. 
On  fulminating  mercury  and  the  constitution  of  fulminic  acid  :  by 

L.  Schischkof.     Ann.   Ch.  Pharm.  ci.  213. 
On  the  construction  of  the  barometer,  and   on  the   ebullition  of 

mercury   in   vacuo :  by   M.    Taupenot.     Ann,    Ch.  Phys.    [3] 

xlix.  91 ;  Pogg.  Ann.  c.  475. 
On  the  composition  of  fulminating  mercury :  by  A.  Kekule.     Ann. 

Ch.  Pharm.  ci.  200;  Chem.  Gaz.  1857,  381 ;  Ann.  Ch.  Phys. 

[3]  1.  488. 
On  the  evolution  of  heat  which  accompanies  the  molecular  changes 

of  mercuric  iodide  :  by  P.  Weber.     Pogg.  Ann.  c.  127. 
Preparation  of  a  pure  iron-amalgam  :  by  P.  Bottger.     Pogg.  Ann. 

ci.  10. 
On   the  preparation  of  the  iodide   of   mercurous  chloride  :    by 

M.  Gohley.     J.  Pharm.  [3]  xxxii.  51. 
Metals. — On  the   electric   conducting    power   of  the    metals   of  the 

alkalies  and  alkaline  earths:  hy  A.  MattJiiessen.     Pogg.  Ann. 

c.  81 ;  Ann.  Ch.  Phys.  [3]  1.  192. 
On   the   electrodynamic  qualities   of    metals :    by    W.    Thomson^ 

Proc.  Eoy.  Soc  iii.  546. 
On  the  metals  of  the  iron  family :  by  E.  Fremy.     Compt.  rend. 

xliv.  632. 
On  the  reciprocal  action  of  metals  and  the   constituents  of  well 

and  river-waters :  by  H.  MedloeJc.     Phil.  Mag.  [4]  xiv.  202. 
On  the  relations  of  gold  and  other  metals  to  light :  by  M.  Faraday. 

Proc.  Roy.  Soc.  viii.  356. 
Meteorite. — Examination  of  meteoric  iron  :  hj  C.  Porgemann.     Pogg. 

Ann.  c.  245. 

Pall  of  meteorites  near  Civita-Vecchia.    Pogg.  Ann.  xcix.  644. 

Fall  of  meteorites  on  the  island  of  Oesel.      Pogg.  Ann.  xcix.  642. 

On  a  Mexican  meteoric  iron :  by   G.  Jordan.     Ann.  Ch.  Pharm. 

ci.  856. 
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Meteorite. — Examination   of    a    nickel    meteorite    from    Oktibbeha 
County,  Mississippi :  by  W.  J.  Taylor.    Chem.  Gaz.  1857,  228. 

Notice   of  a   meteoric   stone   which    fell  at  Petersburg,  Lincoln 

County,   Tennessee :  by    C.    U.   Sheppard.     Sill.  Am.  J.   [2] 
xxiv.  134-. 

On  a  new  meteorite  :  by  F.  Wohler.     Pogg.  Ann.  c.  342. 

On    meteoric  iron  from    the  valley  of    Toluca  in  Mexico  :    by 

A.  Krantz.     Pogg.  Ann.  ci.  152. 
-^- —  On  the  meteorite  of  Hainholz :  by  the  Freiherr  v.  Heichenbaeh. 

Pogg.  Ann.  ci.  311. 
Methyl. — Action  of  heat  on  chloride  of  methyl:  A.  Perrof.      Ann.  Ch. 
Phys.  [3J  xlix.  91< ;  Ann.  Ch.  Pharm.  ci.  375. 

On  biraethylamine  :  by  T.  Petersen.     Ann.  Ch.    Pharm.  cii.  317  ; 

Chem.  Gaz.  1857,  206. 

-= On  trimethylamine  :  by  V.  Dessaignes.     J.  Pharm.  [3]  xxxii.  43. 

On  methykited  spirit  and  its   preparations  :  by  J.  F.  Macfarlane. 

Pharm.  J.  Trans,  xvi.  406. 

On   the  methylophosphoric   acids :  by    ITuffo    Schiff.     Ann.    Ch. 

Pharm.  cii.  334. 

On  methylophosphorous  acid  :  by  Hugo  Schiff.     Ann.  Ch.  Pharm. 

ciii.  164. 

Preparation  of  iodide  of  methyl:  by  J.  de  Vrij.     J,  Pharm.  [3] 

xxxi.  169. 

Synthesis  of  methylic  alcohol :  by  M.  Berthelot.     Compt.  rend. 

xlv.  916. 
Milk. — Examination  of  the  milkof  awoman  affected  with  galactorrhoea: 
by  P.  Vigier.     J.  Pharm.  [3]  xxxii.  196. 

Instructions  for  the  valuation  and  analysis  of  milk :  by  MM.  Bovr- 

chardat  and  Quevenne.     J.  Pharm.  [3]  xxxi.  251. 

On  the  testing  of  milk  :  by  F.  J.  Otto.     Ann.  Ch.  Pharm.  cii.  57. 

Minerals. — Analyses  of  Norwegian  minerals ;  Alvite,  Euxenite,  Tyrite, 
Tttrotantalite :  by  D.  Forbes  and  T.  Bahll.  J.  pr.  Chem. 
Ixix.  352. 
Continuation  of  researches  on  the  chemico-mineralogical  constitu- 
tion of  some  minerals  from  the  Dolomite  formation  of  the 
Binnenthal  in  the  Valais  :  by  W.  Sartoriiis  v.  Waltershausen, 
with  additions  :  by  F.  TJhrlauh  and  H.  B.  Nason.  Pogg. 
Ann.  c.  537. 

Contributions  to  mineralogy:  hj  F.  A.  Oenth.     Sill.  Am.  J.   [2] 

xxiii.  415. 

Eourth    supplement  to  "Dana's   Mineralogy."     Sill.  Am.  J.  [2] 

xxiv.  107. 

Mineralogical  notices :  J.  pr.  Chem.  Ixix.  319. 

, Note   on   mineralogy :    by  the   Bev.  S.  Haughton.   No.   V. — On 

hypostilbite  and  stilbite  ;  Phil.  Mag.  [4]  xiii.  509.     No.  VI.— 
On  the  siliceo-felspathic  rocks  of  Ireland ;  ihid,  xiv.  47. 

On  the  minerals  of    the  Canton    mine  (U.  S.)  :    Sill.    Am.    J. 

[2]  xxiv.  38,  133. 

Eesults  of  some  analyses  made  for  the   Geological  Survey  of  the 

State  of  Alabama  :  by  J.  W.  Mallet.    Sill.  Am.  J.  [2]  xxiii.  181. 
Algodonite. — On  algodonite,  a  new  mineral  containing  arsenic 
and  copper :  bv  F.  Field.     Chem.  Soc.  Qu.  J.  x.  289. 
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Minerals;   Allophane. —  On    the    constitution   of   allophaue  :    by 
A.  B.  Northcote.     Phil.  Mag.  [4]  xiii.  338. 

—  On  the  occurrence  of  allophane  at  Charlton,  Kent :  by  J.  Morris. 

Phil.  Mag.  [4]  xiii.  76. 

Andalusite.  —  Analyses  of  andalusite.  J.  pr.  Chem.  Ixix. 
128. 

Antrimolite. — On  the  antrimolite  of  Thomson:  by  Dr.  Heddle. 
Phil.  Mag.  [4]  xiii.  148. 

Atacamite. — On  a  new  locality  of  atacamite  :  by  J.  J.  Monteiro, 
Phil.  Mag.  [4]  xiii.  471. 

Barytes. — Analysis  of  the  sulphato-carbonate  of  barytes  of  Thom- 
son :  by  Dr.  Heddle.     Phil.  Mag.  [4]  xiii.  537. 

Beudantite. — Beudantite  and  its  modifications:  by  F.  Sand- 
herger.     Pogg.  Ann.  c.  611. 

—  On  the  composition  of  beudantite  :  by  C.  JRammelsberg .     Pogg. 

Ann.  c.  581. 

—  On  svanbergite  and  beudantite :  by  H.  Dauher.  Pogg.  Ann.  c.  579. 
Bismuthine. — On  bismuthine  from  Riddarhyttan,  in  Sweden  :  by 

F.  A.  Genth.     Sill.  Am.  J.  [2]  xxiii.  415. 
Bismuthite. — Examination  of  Bismuthite  from  Brewer's  mine, 

Chesterfield  District,  South  Carolina  :  by  F.  A.  Genth.     Sill. 

Am.  J.  [2]  xxiii.  426. 
Calcite. — Calcite  enclosed  in   calcite :   by  A.   Kenngott.     Pogg. 

Ann.  cii.  309,  310,  311, 
Cantonite. — On   cautonite,    a     pseudomorph  of   covelline  after 

galena  :  by  F.  A.  Genth.     Sill.  Am.  J.  [2]  xxiii.  417. 
Cassiterite. — Examination  of  cassiterite  from  Pit-Karanta  (Ein- 

land)  :  by  A.  F.  NordensJciold.      Pogg.  Ann.  ci.  635. 
Cherokine. — Indentity   of    Shepard's  cherokine   with    pyromor- 

phite:  by  F.  A.  Genth.     Sill.  Am.  J.  [2]  xxiii.  422. 
Clay. — Analyses  of  two  fine  white  porcelain  clays  from  Alabama: 

by  J.  W.  Mallet.     Sill.  Am.  J.  [2]  xxiii.  183. 
Copper. — On  micaceous  copper  (Kupfer-glimmer)  from  Altenau : 

by  G.  Bamdohr.     Ann.  Ch.  Pharm.  ciii.  189. 
Coracite. — Identity  of  coracite  with  pitchblende:  F.  A.  Genth. 

Sill.  Am.  J.  [2]  xxiii.  421. 
Demidovite. — On   demidovite,   a  new   species   of  mineral   from 

Nijne  Taguil  in  the  Ural :  by  AT.  NordeiisJciold.     Phil.  Mag. 

[4]  xiv.  397. 
Diaptase. — On  a  mineral  occurring  in  conjunction  with  diaptase  : 

by  A.  Kengott.     Pogg.  Ann.  cii.  308. 
Dufrenite. — Examination   of    dufrenite    from    Allentown,    New 

Jersey :  by  -F.  4  Genth.     Sill.  Am.  J.  [2]  xxiii.  423. 
Enargite.— On  enargite  (?)  :  by   F.  A.  Genth.     Sill.  Am.  J.  [2] 

xxiii.  420. 
Emeralds. — Eesearches  on  the  form  and  composition  of  emeralds  : 

by  B.  Lewy.  Compt.  rend.  xlv.  877. 
Ep  is  til  bite. — Analysis  of  epistilbite  from  Iceland  :  bv  F.  A.  Genth. 

Sill.  Am.  J.  [2]  xxiii.  421. 
Eudiiilite. — Comparative   examination   and  analysis   of  eudialite 

and  eukolite  :  by  A.  Damour.     Phil.  Mag.  [4]  xiii.  391 ;  Ann. 

Min.  [5]  X.  579. 
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Minerals;    Faroelite. —  On    mesolite   and    faroelite    (mcsole)  :    by 

Br.  Hedclel.  Phil.  Mag.  [4]  xiii.  50. 
Fichtelite. — On  fichtelite  :    by  T.  Edwards  Clarke.     Ann.   Ch. 

Pharm.  ciii.  236. 
Fossils. — On  the  chemical  composition  of  the  Silurian  and  Cam- 
brian fossils  :  by  D.  Forbes.     Phil.  Mag.  [4]  xiii.  365. 
Greensand. — Examination  of    the   greensand   of  Alabama:    by 

J.  W.  Mallet.     Sill.  Am.  J.  [2]  xxiii.  182. 
Harrisite. — On  harrisite,  a  pseudomorph  of  copper-glance,  after 

galena  :  by  JF.  A.   Genth.     Sill.  Am.  J.  [2]  xxiii.  415. 
Hemiorthotype. — On  the  axial  relations  of  hemiorthotype :  by 

L.  Ditscheiner.     Pogg.  Ann.  c.  516. 
Hitchcockite. — Examination  of  hitchcockite   from  the   Canton 

mine  (Greorgia) :  by  F.  A.  Genth.     Sill.  Am.  J,  [2]  xxiii.  424. 
Hydro-apatite. — On  hydro-apatite:  by  A.Damour.  Ann.  Min. 

[5]  X.  65. 
Lanthanite. — Examination  of  lanthanite,  from  near  Bethlehem, 

Pennsylvania:  by  jP.  A.  Genth.     Sill.  Am.  J.  [2]  xxiii.  425. 
Lignite. — On  the  products  of  the  destructive  distillation  of  Saxon 

and  Thuringian  lignite  :  by  Hermann  Vohl.     Ann.  Ch.  Pharm. 

ciii.  283. 
Limestone. — Analysis  of  the    "prairie"  or  "rotten"  limestone 

of  the  cretaceous  formation,  Alabama  :  by  J.  TV.  Mallet.     Sill. 

Am.  J.  [2]  xxiii.  181. 
Linnaeite. — {a).     Carrollite    (copper-linnaeite)  from  the  Patapsco 

mine. — (h).      Siegenite    (nickle-linnaeite)    from    Mineral-hill, 

Maryland. — (c).      Siegenite   (nickle-linnaeite)  from  Mine  La 

Motte,  Missouri :  by  F.  A.  Genth.     Sill.   Am.    J.    [2]   xxiii. 

418. 
Marble. — Analysis  of  marble  from  Talladago   County,  Alabama : 

by  J.  W.  Mallet.     Sill.  Am.  J.  [2]  xxiii.  181. 
Mesolite. — On  mesolite  and  faroelite   (mesole)  :  by  Dr.  Heddle. 

Phil.  Mag.  [4]  xiii.  50. 
Mica. — On  the  rose-coloured  mica  of  Goshen  (Mass.)  :  by  J.  W. 

Mallet.     Sill.  Am.  J.  [2]  xxiii.  180. 
Minette, — Researches  on  minette  ;  by  M.  Delesse.     Compt.  rend. 

xliv.  766. 
Natro-boro-calcite, — On    the    occurrence   of  natro-boro-calcite 

with  glauber-salt  in  the  gypsum   of  IS'ova  Scotia  :  by  FL.  FLovo. 
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mination   of    the    quantity  of    iodine   contained     in  it  :    by 

W.  3Iai/er.     Anu.  Ch.  Pharm.  ci.  281. 
Plumbo-resinite. — Shepard's   plumbo-resinite  from   the   Canton 

mine  is  cyanosite  :  by  F.  A.   Genth.     Sill,  Am.  J.  [2]  xxiii.  422. 
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Pharm.  ci.  90 ;  Chem.  Gaz.  1857,  211. 
Nickel. — Examination  of  a  nickel  meteorite   from   Oktibbeha  county, 
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On  resinised  essential  oils  :  by  M.  Curieux.     J.  Pharm.  [3]    xxxii. 

397. 
Oleander. — On  the  oleander    {Kerium    Oleander)  :    by  M.    Latour. 

J.  Pharm.  [3]  xxxii.  332. 
Olein. — Production  of  stearin  and  olein.     Pharm.  J.  Trans,  xvi.  429. 
Opi  u  m. — Determination  of  morphine  in  opium  :  by  M.  Fordos.    Compt. 
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J.  pr.  Chem.  Ixix.  149. 
Discovery   of  boracic    acid    in    plants ;    by    Dr.    Wittstein    and 

F.  Apoiger.     Ann.  Ch.  Pharm.  ciii.  362. 
On  the  function  of  nitrates  in  the  economy  of  plants :  by  G.  Ville. 

Ann.  Ch.  Pharm.  [3]  xlix.  168. 
On  the  question  of  the  absorption  of  nitrogen  by  plants :  by  J.  A. 

Barral.     Ann.  Ch.  Phys.  [3]  xlix.  365. 
Platinum. — On  chloroplatinate  of  aluminium  :  by  the  FHnce  of  Salm- 

Horstmar.     Pogg.  Ann.  xcix.  638. 

On  some  gold  and  pkitinum  bases  containing  phosphorus,  arsenic, 

and  antimony  :  by  A.    W.  Hofmann.     Ann.   Ch.  Pharm.  ciii. 
357  ;  Proc.  Roy.  Soc.  \nii.  500  ;  Chem.  Gaz.  1857,  333. 

On  some  new  platinocyanides  :  by  P.    Wesehky.     J.  pr.  Chem. 

Ixix.  276. 

On  the  metals   associated   with  platinum :    by   H.    Deville  and 

H.  Debray.       Compt.    rend.    xliv.    1101 ;  Chem.    Gaz.    1857, 

310 ;  Ann.  Ch.  Pharm.  civ.  227. 
Poplar. — Preliminary  notice  on  a  ne«'  substance  found  in  the  buds  of 

the  poplar :  by  W.  Hallwachs.     Ann.  Ch.  Pharm.  ci.  372. 
Potash. — Extraction  of  potash  from  felspar  and  other  minerals:  by 

Frof.  Fuchs.     Pharm.  J.  Trans,  xvi.  607. 
Potashes. — Volumetric  process  for  the  detection  of  the  adulteration  of 

potashes  with  common  salt :  by  F.  Muck.     Chem.  Gaz.  1857, 

40  ;  Pharm.  J.   Trans,  xvi.  476. 
Potassium. — On   tartrate   of  nickel   and   potassium  :    by   C.    Fabian. 

Ann.  Ch.  Pharm.  ciii.  248. 
On  the  magnetism  and  electric  conductivity  of  potassium   and 

sodium  :  by  M.  Lamy.     Ann.  Ch.  Phys.  [3]  li.  305. 
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Potassium. — Ou  the  preparation  of  potassium  and  sodium:  by  J.  JR. 
Wagner      Chem.  Gaz.  1857,  277. 

Pozzolano. — On  the  compounds  of  lime  with  artificial  pozzolanos 
formed  of  white  clays  exposed  to  the  action  of  saline  solutions :, 
by  M.  Vicat.     Compt.  rend,  xlv,  198. 

Prism. — See  Light. 

Propyl. — On  propylic  glycol :  by  ^.  Wurtz.     Compt.  rend.  xlv.  306, 

Protein. — On  some  products  of  decomposition  of  the  so-called  protein- 
compounds  :  by  Dr.  Muhlhdmer.  Ann.  Ch.  Pharm.  ci.  171 : 
Chem.  Gaz.  1857,  261. 


Q. 

Quinidine. — On  quinidine:  by  J.  U.  de  Vrij.  J.  Pharm.  [3]  xxxi. 
369  ;  Pharm.  J.  Trans,  xvi.  401. 

Quinine.' — On  the  optical  character  of  certain  alkaloids  associated 
with  quinine,  and  on  the  sulphates  of  their  iodo-compounds  : 
by  W.  B.  Kerafath.     Proc.  Eoy.  Soc.  viii.  340. 


E. 

Radicals. —  On  conjugated  compounds  and  the  theory  of  polyatomic 
radicals:  by  A.  KehiiU.     Ann.  Ch.  Pharm.  civ.  129. 

On   the   relations    between  different    series  of  organic  radicals : 

by  P.  J.  V.  KercJchqf.     J.  pr.  Chem.  Ixix.  31. 
E.esins. — Fossil  resin  from  Brandeisl,  near  Schlau,  in  Bohemia:  by 

Th.  Laurenfz.     J.  pr.  Chem.  Ixix.  428. 
Eespiration. — Inquiries  into  the  quantity  of  air  inspired  throughout 

the  day  and  night,  and  under  the  influence  of  exercise,  food, 

medicine,   temperature,  &c.:    by  ^.  Smith.     Proc.  Roy.   Soc. 

viii.  451 ;  Pharm.  J.  Trans,  xvii.  29. 
On  the  respiration  of  plants  :  by  S.  Corenwinder.     Compt.  rend. 

xliv.  1165. 
Eocks. — Experimental  researches  on  the  striation  of  rocks  resulting 

from    erratic    phenomena,   and    on    chemical    decomposition 

induced  by  mechanical  action :  by  A.  Dauhree.     Compt.  rend. 

xliv.  997. 
Observations  on  the   metamorphism  of  rocks,  and  experimental 

researches  on  the  causes  which  may  have  produced  it :    by 

A.  Daubree.     Compt.  rend.  xlv.  792. 
On  the  composition  of  some  American  rocks :  by  J.  ScJiiel.     Ann. 

Ch.  Pharm.  ciii.  119. 
On  the  metamorphosis  of  rocks :  by  M.  Delesse.     Compt.  rend. 

xlv.  958. 

On  the  rocks  of  the  Vosges :    by  M.  Delesse.     Ann.   Min.  [3] 

X.  517. 
Eesearches  on  igneous  rocks  :  by  J.  Diirocher.     Compt.  rend.  xHv. 

325,  459,  605,  776,  859  ;  Ann.  Min.  [5]  x.  517,  676. 
Eose-water. — On  artificial  rose-water :  by  B.  Wagner.     J.  Pharm.  [3] 

xxxii.  397. 
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Eust-spots. — Ou  the  use  of  ferrocyanide  of  potassium  for  the  removal 
of  rust-spots  in.  white  linen :  bj  Frof.  Bunge.  Chem.  Gaz. 
1857,  249 ;  Pharm.  J.  Trans,  xvii.  240. 


S. 

Salicyl. — On  some  salicyl-compounds,  and  ou  the  iodides  of  certain 

organic   acid   radicals  :  by  A.   Calwurs.     Compt.   rend.    xliv. 

1252 ;  Ann.  Ch.  Pharm.  civ.  109. 
Saline  Solutions. — Observations  on   the    supersaturation   of    saline 

solutions  :  by  H.  Loeicel.     Ann.   Ch.  Phys.  [3]  xlix.  32. 
Salt. — Observations  on  rock-salt :  by  M.  Margueritte.     Compt.  rend. 

xliv.  348 ;  Chem.  Gaz.  1857,  114. 
Volumetric    process   for    the    detection   of  the    adulteration   of 

potashes  and  common  salt :  by  F.  Much.     Pharm.  J.  Trans. 

xvi.  476. 
Salts. — On  some  nevF  double  salts  containing  nitric   and   acetic,  and 

nitric   and  formic   acids :  by  E.  Lucius.     Ann.   Ch.  Pharm. 

ciii.  113. 
On  the    reciprocal   action  of    soluble   and   insoluble    salts :    by 

J.  Malaguti.     Ann.    Ch.  Phys.  [3]   li.  328  ;    Compt.  rend. 

xlv.  283. 
Saponification.  —  On    the    theory   of    alkaline    saponification:    by 

J.  Bonis.     Compt.  rend.  xlv.  35  ;  Chem.  Gaz.  1857,  321. 
Scammony. — New  mode  of  preparing  resin  of  scammony :  Pharm.  J. 

Tians.  xvii.  37. 
On  the  proximate  principles  of  scammony  :  by  Fr.  Keller.     Ann. 

Ch.  Pharm.  civ.  G3. 
Scoriae. — On  the  use  of  the  vitreous  scoriae    {laitiers)   of  the   blast- 
furnace in  agriculture.     J.  Pharm.  [3]  xxxi.  151. 
Se bates. — On  some  products  of  the  decomposition  of  sebate  of  lime: 

by  T.  Betersen.     Ann.  Ch.  Pharm.  ciii.  184. 
Selenium.  —  On     the     isomeric     modifications    of    selenium  :     by 

V.  BegnauU.     Phil.  Mag.  [4]  xii.  489. 
Seeds. — On  the  proportion  of  phosphoric  acid  to  nitrogen  in  certain 

seeds :  by  II.  Mayer.     Ann.   Ch.  Pharm.   ci.  129 ;  Ann.    Ch. 

Phys.  [3]  1,  185  :  Remarks   by   M.  Boussingault.     Ann.    Ch. 

Phys.  [3]  1.  479. 
Senna. — Ou  wild  senna:  by  G.  Martius.     Pharm.  J.  Trans,  xvi.  426. 
Sewage. — On  the  application  of  sewage  to  agriculture:  by  D.  Campbell. 

Chem.  Gaz.  Qu.  J.  x.  272 ;  Pharm.   J.  Trans,  xvi.  608 ;  xvii. 

23. 
Shellac. — Bleaching  shellac:  by  G.  Wittstein.     Pharm.  J.  Trans,  xvii. 

275. 
Silica. — Determination  of  the   amount  of  alumina  and  silica  in  Ly co- 
podium  denticulatum :  by  F.  H.  Grafen.     Ann.  Ch.  Pharm.  c. 

297. 
On   hydrated   silica  and   the  formation  of  quartz  and   opal :  by 

O.  Maschke.    Arch.  Pharm.  cxl.  37 ;  Chem.  Gaz.  1857,  349, 
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Silica. — On  molybdate  of  ammonia  as  a  test  for  silica :  by   W.  Knop. 

Cliem.  Gaz.  1857,  439. 
Eesearches  on  silica :  by  Col.  Philip  Yorke.      Proc.  Eoy.  Soc.  viii. 

440. 
Silicates. — Decomposibility  of  natural   silicates  by  ammoniacal  salts  : 

by  Feichtinger.     Ann.  Ch.  Pharm.  cii.  353  ;  Chem.  Gaz.  1857, 

287. 
Eesearches  on  tbe  silicates :  by  E.  Fremy.     Compt.  rend,  xliii. 

1146  ;  Chem.  Gaz.  1857,  61 ;  J.  Pharm.  [B]  xxxi.  81.  - 
Silicium. — Improved   preparation   of  crystallised   silicium.     Ann.  Cb. 

Pharm.  cii.  382  ;  Chem.  Gaz.  1857,  312. 
, Memoir  on  silicium  :  by  S.   Ste.-Claire  Deville.     Ann.  Ch.  Phys. 

[3]  xlix.  62. 
On  a  new  oxide  of  silicium:  by  F.   Woliler.     Compt.  rend.  xliv. 

834  ;  Chem.  Gaz.  1S57,  186. 
' On  a  compound  of  silicium   and  hydrogen :  by   F.    Woliler  and 

H.  Buff.     Ann.  Ch.  Pharm.  ciii.  218  ;  Compt.  rend.  xliv.  834. 
'■         On  nitride  of  silicium:  by  H.  Ste.-Claire  Deville  and  F.  Wohler. 

Ann.  Ch.  Pharm.  civ.  256. 
On  nitride  of   silicium   and   nitride   of  boron:    by   F.    Wohler. 

Pogg.  Ann.  cii.  317. 
On  some  new  compounds  of  silicium  :  by  F.  JT  bhler  and  IT.  Buff. 

Ann.   Ch.  Pharm.  civ.  94 ;  Compt.  rend.   xliv.  1344  ;  Chem. 

Gaz.  1857,  331 ;  Pogg.  Ann.  cii.  313. 
• On  silicium  and  metallic  siliciurets  :  by  JSC.  Deville  and  JS".  Caron. 

Compt.  rend.  xlv.  163  ;  Ann.  Ch.  Pharm.  civ.  232. 
Silk. — Dyeing  and  increasing  the  weight  of  silk.    Pharm.  J.  Trans,  xvii. 

275. 
Method   of  recognizing   the   presence  of  silk   when  mixed  with 

wool,    and    determining    its    proportion :  M.   Barreswil.     J. 

Pharm.  [3]  xxxii.  123. 
Silver. — Confirmation  of  the  presence  of  silver   in   sea-water.     Pogg. 

Ann.  c.  349. 
On  the  existence  of  silver  in  sea-water :  by  F.  Field.     Proc.  Roy. 

Soc.  viii.  292  ;  Pharm.  J.  Trans,  xvi.  614. 
Method  of  cleansing  tarnished  silver:  by  B.  Bottger.     Pogg.  Ann. 

c.  658  ;  Pharm.  J.  Trans,  xvii.  211. 
.         New   method  of  determining   silver  in   argentiferous   galena :  by 

C.  Mene.     Compt.  rend.  xlv.  484;  Chem.  Gaz.  1857,  454. 
Modification  of  the  silver  assay  :  by  A.  Levol.     Ann.  Ch.  Phys. 

[3]  xliv.  347 ;  Pharm.  J.  Traus.  xvii.  125. 
— —  On  a  compound  of  silver  analogous  to  the  purple  of  Cassius  :  by 

H.  Schulz.     Chem.  Gaz.  1857,  401. 
On  a  new  mode  of  formation   of  suboxide   of  silver.     Ann.    Ch. 

Pharm.  ci.  363  ;  Chem.  Gaz.  1857,  211. 
.  On  compounds  of  nitrate   of  silver  with   iodide   of    silver:    by 

A.  Kremer.     J.  pr.  Chem.  Ixxi.  52  ;  Chem.  Gaz.  1857,  373. 
— —  On  some  facts  relating   to  iodide   of  silver :    by   H.    Ste.-Claire 

Deville.     Ann.  Ch.  Pharm.  ci.  197. 
— —  On  the   action  of  hydriodic  acid   upon  silver:  by   S.  Ste.-Claire 

Deville.     Ann.  Ch.  Pharm.  ci.  196. 
—  -  On  the  action  of  iodide   of  ethyl  on  the  silver  salts  of  some 
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inorganic  acids :  by   H.   B.   Nason.     Ann.    Ch.    Pharm.   civ. 
126. 
Silver. — On  the   action  of  light  on  chloride  of  silver:  by  F.  Guthrie. 
Chem.  Soc.  Qu.  J.  x.  74. 

On  the  behaviour  of  protoxide  of  iron  with   oxide  of  silver :  by 

H.  Hose.  Berl.  Akad.  Ber.  1857,  287  ;  Chem.  Gaz.  1857,  345. 
On  the  separation  of  iodine,  bromine,  and  chlorine,  and  the  com- 
parative degree  of  these  elements  for  silver  ;  with  some  analyses 
of  their  combinations  with  that  metal  occurring  in  Chili :  by 
F.  Field.  Chem.  Soc.  Qu.  J.  x.  234 ;  Proc.  Hoy.  Soc.  viii. 
496  ;  Chem.  Gaz.  1857,  318. 

On   the  precipitation  of  various  bases   by  oxide   of    silver  :    by 

H.  Hose.     Berl.   Akad.  Ber.  1857,  311 ;  Chem.    Gaz.    1857, 
365  ;  Pogg.  Ann.  ci.  214,  321,  497. 

Ou  the  silvering  of  glass,  and  observations  on  finely  divided  gold  : 

by  31.  Faraday.     Pogg.  Ann.  ci.  313. 
Sodium. — On  a  new  double  salt  of  bromide  of  sodium  and  bromate  of 
soda :  by  J.  Fritzshe.     Ann.   Ch.    Pharm.    civ.    186  ;    Chem. 
Gaz.  1857,  266. 

On  the   magnetism  and  electric   conductivity  of  potassium   and 

sodium  :  by  M.  Lamy.     Ann.  Ch.  Phys.  [3]  li.  305. 
Slags. — Analyses  of  slags  from  a  blast-furnace  in  the  Harz  :  by   Th. 

Gerding.     Ann.  Ch.  Pharm.  civ.  40. 
Soda. — On   fossil  sulphate  of  soda,  and  on  various  beds  of  this  mineral 
in  Spain :  by  M.  de  Lajonkaire.     Compt.  rend.  xliv.  17. 

Preparation  of  commercial  soda.     J.  Pharm.  [3]  xxxi.  372. 

Soils. — Researches  on  the   thermic   properties   of  different   soils;  by 

M.  Masson.     Compt.  rend,  xliii.  1115. 
Solanine. —  On  solanine  and  its  derivatives  :  hj  A.  Moitessier.  Compt. 

rend,  xliii.  978  ;  Ann.  Ch.  Pharm.  ci.  368. 
Soluble  principles.— New  method  of  separating  soluble  principles  by 
means  of  tables  of  hydro-extraction :  by  L.  Kessler.  J,  Pharm. 
[3]  xxxi.  238. 
Solutions. — On  the  homogeneity  of  solutions :  by  A.  Ziehen.     Ann. 

Ch.  Pharm.  ci.  77. 
Speculum  metal. —  On  speculum  metal:  by   F.  J.    Otto.     Ann.    Ch. 

Pharm.  cii.  66. 
Squill. — Researches  on  squill:  by  J.  S.  Marais.     J.  Pharm.  [3]  xxxi. 

123. 
Stannates. — See  Tin. 

Starch. — Action  of  bichloride  of  tin  upon  starch  at  ordinary  iem^eiar 
tvive?, :  hj  R.v.  Payr.     Chem.    Gaz.  1857,  29. 

Extraction  of  starch   from   horse-chestnuts :    by   S.   de   Callias. 

Compt.  rend.  xliv.  514. 

Note   on    the   action   of  iodide   of  starch   upon  different  salts  : 

by    F.    Pisani.      Compt.    rend,    xliii.    1118  :     Chem.    Gaz, 
1857,   83. 
Stearin. — On  the  composition  of  vegetable  stearin  extracted  from  the 
seeds    of    Brindonia    indica  :    by   J.   Bonis   and     d'Oliveira 
Pimentel.     Compt.  rend.  xliv.  1355  ;  Chem.  Gaz.  1857,  347. 
Production  of  stearin  and  olein.     Pharm.  J.  Trans,  xvi.  429. 
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Stearoptene.  —  On  the  stearoptene  of  oil  of  cloves:  hj  A.  Bruning. 

Ann.  Ch.  Pharm.  cix.  202. 
Steel. — See  Iron. 
Storax. —  On  storax  :    by  D.    Hanbury.     Pharm.  J.  Trans,  xvi.  417, 

461 ;  J.  Pharm.  [3]  xxxi.  198,  208. 
Strontia. — Composition  of  chlorate  of  strontia:  by  A.  Souchai/.     Ann. 

Ch.  Pharm.  cii.  381. 
On  the  chromates  of  lime  and  strontia  :  by  /.  W.  Slater.     Chem. 

Gaz.  1857,  247. 
Strychnine. — Detection  of  strychnine  :  by  W.  B.  Garrod.     Pharm.  J. 

Trans,  xvi.  541. 
Detection  of  strychnine  in  cases  of  poisoning  :  by  Messrs.  Rodgers 

and  Girdicood.     J.  Pharm.  [3]  xxxii.  58. 
'■ Detection  of  strychnine  in  cases  of  poisoning :  by  J.  E.  de  VriJ. 

J.  Pharm.  [3]  xxxi.  452 ;  Pharm.  J.  Trans,  xvi.  449. 
——  On  the   detection  of  strychpine  :  by  S.    Macadam.     Pharm.  J. 

Trans,  xvii.  21. 
On  the  detection  of  strychnine :  by  E.  Sagen.     Ann.  Ch.  Pharm. 

ciii.  159;  Chem.  Gaz.  1857,  397. 
On  the  separation  of  strychnine  from  the  stomach  of  a  dog  which 

had  been  poisoned  therewith :  by  E.  Prollius.     Chem.   Gaz. 

1857,  239. 
On  the  simultaneous  existence  of  the   optical  rotatory  power  in 

the  crystals  and  in  the  solutions  of  sulphate  of  strychnine :  by 

M.  Descloizeaux.     Ann.  Ch.   Phys.   [3]  li.  361. 
Styrol. — Note  on  chlorostyrol :  by  W.  Kulel.     Ann.  Ch.  Pharm.  cii. 

238  ;  Chem.  Gaz.  1857,  374. 
Substitution. — On  inverse  substitution:  by  M.  Bertlielot.     Compt. 

rend.  xliv.  1245, 1349  ;  Chem.  Gaz.  1857,  304,  330  ;  J.  Pharm. 

[3]  xxxii.  83  ;  Ann.  Ch.  Phys.  [3]  li.  48. 

On  substitutions  :  by  J.  Dumas.     Ann.  Ch.  Phys.  [3]  xlix.  487. 

Sugar. — Basic  nitrate    of  bismuth    as    a    test    for    grape-sugar:    by 

R.  Bottger.     J.  pr.  Chem.  Ixxi.  431  ;  Chem.  Gaz.  1857,  440. 
On  cane-sugar  in  the  honey  of  wasps  :    by  H.  Karsten.     Pegg. 

Ann.  c.  550. 
Facts  relating  to  the  refining  of  sugar  :  by  A.  Bobierre.     Compt. 

rend.  xlv.  596. 
Influence  of  cane-sugar  upon  digestion  and  nutrition  :    by  Br. 

Hoppe.     Pharm.  J.  Trans,  xviii.  214. 
■ Maple  sugar  of  the  United  States :  by  M.  Aveqtiin.     Pharm.  J. 

Trans,  xvii.  324. 
Experiments  on  the  non-formation  of    sugar  in  the   liver  after 

death:  by  Z.  Figuier.     Compt.  rend.  xliv.  1213. 
New  facts  and  considerations  against  the  existence  of  the  glyco- 
genic function  of  the  liver :  by  X.  Figuier.     Compt.  rend,  xlv, 

132. 
Observations  on  glycogeny :  by  H.  Bonnet.     Compt.  rend.  xlv. 

139.     Also  by  M.  Sanson.     Compt.  rend.  xlv.  140. 

On  glycogenous  matter  :  by  E.  Belouzi.     Compt.  rend.  xliv.  1321. 

On  the  formation  of  sugar  in  the  animal  economy  :  by  A,  Sanson. 

Compt.  rend.  xliv.  1323  ;  xlv.  343,  573. 
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Sugar. — On   the   formation  of  glycogenous   matter   in  the   liver:  by 

C.  Bernard.     Compt.  reud.  xliv.  1825. 
On  the  influence  of  medicines  on  glycogeny  :  by  31.  Coze.     Compt. 

rend.  xlv.  345. 
On  a  method   of  refining   sugar:    by  Dr.  Dauheny.     Pharm,  J. 

Trans,  xvii.  220. 
■ On  the  action  of  oxalic  acid  upon  sugar :  by  P.  J.  v.  Kerkhoff. 

J.  pr.  Chem.  Ixix.  48  ;  Chem.  Gaz.  1857,  2G. 
On  the  compounds  of  tartaric  acid  with  saccharine  substances  :  by 

M.  BertheJot.     Compt.  reud.  xlv.  268 ;  Chem.  Graz.  1857,  441. 
• On  the  conversion  of  mannite  and  glycerin  into  a  true  sugar:  by 

M.  Bertlielot.     Compt.   rend.  xliv.  1002  ;  Chem.    G-az.    1857, 

255. 
On   the  saccharine  matter  of  certain  algae :  by  J.   L.  Souleiran. 

J.  Pharm.  [3]  xxxi.  219. 
On  the  physiological  mechanism  of  the  formation  of  sugar  in  the 

liver: 'by  Ch.  Bernard.     J.  Pharm.  [3]  xxxi.  344. 
On  the  sugar  cane  in  Lousiana :  by  M.  Aveqiiin.     J.  Pharm.  [3] 

xxxii.  337. 
Preparation   of  pure   grape  sugar :    by  U.  Siegle.     J.    pr.    Chem. 

Ixviii.  148 ;  Chem.  Gaz.  1857,  89.  ' 
Test  for  grape-sugar :  by  B.  Boltger.     J.  Pharm.  [3]  xxxii.  371 ; 

Pharm.  J.  Trans,  xvii.  32. 
The  glucometer  for  determining  the  amount  of  sugar  in  diabetic 

urine,  and    other    solutions    cent  lining    glucose    sugar  :    by 

A.  B.  Oarrod.     Pharm.  J.  Trans,  xvii.  261. 
Sulphates. — New  method    of    estimating    sulphates  :    by  A.   Levol. 

J.  Pharm.  [3]  xxxi.  101. 
On  fossil  sulphate  of  soda,  and  on  various  beds  of  this  mineral  in 

Spain  :  by  M.  de  Lajonkaire.     Compt.  rend.  xlv.  17. 
On  the  solubility   of    sulphate   of   baryta   in   dilute   acids  :    by 

F.  Siegle.     J.  pr.  Chem.  Ixix.  142. 
Sulphides. — On  the   behaviour  of  the  native  metallic  sulphides  with 

hydrochloric  acid  under  the  influence  of  the  electric  current : 

by  J\L  V.  Kohell.     J.  pr.   Chem.  Ixxi.  146  ;  Chem.   Gaz.  1857, 

437. 
On   the   protosulphide   of   carbon :  by  E.   Baudrimont.     Compt. 

rend.  xliv.  1000 ;  Chem.  Gaz.  1857,  415. 
On  two  sulphides  of  copper  from  the  Canton  mine  (Georgia,  U.S.)  : 

N.  A.  Pratt.     Sill.  Am.  J.  [2]  xxiii.  409. 
Sulphites. — On    a    modification   of  the    acid    sulphite  of  aldehyde- 
ammonia:  by  T.  Petersen.     Ann.  Ch.  Pharm.  eii.  324;  Chem. 
Gaz.  1857,  233. 
On    a  peculiar    decomposition    of   the   sulphite   of  ammonia:  by 

F.  Bochleder.     Wien.  Akad.  Per.  xxii.  289  ;  Chem.  Gaz.  1857, 

110. 
On  some  new  products   from   the    compounds  of  aldehydes  with 

bisulphite  of  ammonia :  by  T.  Petersen.     Chem.   Gaz.   1857, 

181. 
On  the  decomposition  of  the  aqueous   solutions  of  the  bisulpliite 

of  aldehyde-ammonia  by  heat :  by  T.  Petersen.     Chem.  Gaz. 

1857,  232. 
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Sulphocyanides. — Preparation  of  sulphocyanide  of  potassium  in  the 

wet  way  :  by  Dr.  Lowe.     Pharm.  J.  Trans,  xvii.  127. 
On  the  action  of  alkalies  on  sulphocyanide  of  ethyl :  by  A.  Brilning. 

Ann.  Ch.  Pharm.  civ.  198. 
Sulphur. — Note  on  red   sulphur:  by  J.  W.  Mallet.     Sill.  Am.  J.  [2] 

xxiii.  185 ;  Pharm.  J.  Trans,  xvii.  285. 
Note  on  the  presence  of  sulphur  in   coal-gas :  by  L.  Thompson. 

Pharm.  J.  Trans,  xvi.  379. 
On   the   allotropic   conditions  of  sulphur :  by  G.  Magnus.     Phil. 

Mag.  [4]  xii.  526. 
On  the  allotropic  states  of  sulphur.     Ann.  Ch.  Pharm.  ci.  58. 

■  On  the  action  of  hydrogen  in  the  nascent  state  on  bisulphide  of 

carbon :  by  A.    Girard.     Compt.  rend,  xliii.  396 ;  Ann.  Ch. 

Pharm.  c.  306. 
On  the  evolution  of  heat  which  accompanies  the  molecular  changes 

of  sulphur  and  mercuric  iodide :  by  JR.  Weber.     Pogg.  Ann.  c. 

127. 
' Researches  on  sulphur :  by  M.  BertJielot.     Ann.   Ch.   Phys.  [3] 

xlix.  430 ;  Compt.  rend.  xliv.  318 ;  J.  Pharm.  [3]  xxxi.  161 ; 

Pogg.  Ann.  c.  619. 
— —  On  the  formation  of  insoluble   sulphur   under  the   influence    of 

heat :  by  M.  Berthelot.     Ann.  Ch.  Phys.  [3]  xlix.  476  ;  Compt. 

rend.   xliv.   563 ;  J.  Pharm.  [3]    xxxi.   401 ;    Pogg.   Ann.    c. 

629. 
On  the  soft  sulphur  of  the  hyposulphites :  by  M.  Berthelot.     Ann. 

Ch.  Phys.  [3]  1.  376. 

■  -  ■   On  the   compounds    of  sulphur    with    carbon :  by   M.    Bersoz. 

Compt.  rend.  xliv.  1218. 

< On  the  compounds  of  tantalum  with  sulphur :  by  S.  Bose.     Berl. 

Akad.  Ber.  1856,  599.  Chem.  Gaz.  1857,  129;  Ann.  Ch. 
Pharm.  cii.  54. 

Eesearches  on  the  action  of  sulphur  upon  iron  and  that  of  phos- 
phorus in  neutralizing  the  action  of  the  sulphur  :  by 
M.  Janoyer.     Sill.  Am.  J.  [2]  xxiv.  330. 

Sulphuretted  Hydrogen. — Action  of  sulphuretted  hydrogen  gas  on 
nitric  acid :  by  B  Kemper.     Ann.  Ch.  Pharm.  cii.  342. 


T. 

Tannin. — Action  of  tannin  upon  the  skin.     Pharm.  J.  Trans,  xvii. 

544. 
On  the  tannin  of  galls  :  by  F.  Bochleder.     Wien.  Akad.  Ber.  xxii. 

558  ;  Chem.  Gaz.  1857,  228. 
Tantalum. — On  tantalic  acid  and  its  hydrate:  bv  S.   Bose.      Berl. 

Akad.  Ber.  1857,  116 ;  Chem.    Gaz.   1857,  241 ;  Pogg.  Ann. 

c.  417. 
On  the  compounds   of  tantalic    acid  with   potash  and   soda:  by 

S.  Bose.     Pogg.  Ann.  c.  551,  ci.  11. 
On  the  compounds  of  tantalic  acid  with  soda  :  by  H.  Bose.     Berl. 

Akad.  Ber.  1857,  282  ;  Chem.  Gaz.  1857,  327. 
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Taut  alum. — On  the  compounds  of  tantalum  with  fluorine :  by  H.  Hose. 
Ann.  Ch.  Pbarm.  ci.  170. 

On  the  compounds  of  tantalum  with  nitrogen  :  by  S.  Rose.     Berl. 

Akad.  Ber.     1857,  16 ;  Chem.  Gaz.   1857,  232 ;  Pogg.  Ann. 
c.  lJr6 ;  Ann.  Ch.  Pharm.  cii.  U4. 

On  the  compounds  of  tantalum  with  sulphur :  by  H.  Rose.     Berl. 

Akad.  Ber.  1856,  599 ;  Chem.    Gaz.    1857,  129  ;    Ann.    Ch. 
Pharm.  cii.  54. 

On  the  lower  oxides  of  tantalum  :  by  S.  Rose.     Pogg.  Ann.  cii. 

280. 

On  the  occurrence  of  tantalic  acid  in  the  columbite  from  Boden- 

mais,  in  Bavaria :  by  F.  Oesten.     Pogg.  Ann.  xcix.  617. 

,0n  the  separation  of  tantalic  acid  from  the  acids  in  the  columbites  : 

by  F.  Oesten.     Pogg.  Ann.  c.  340. 

On  the  sulphide  of  tantalum  :  by  H.  Rose.     Pogg.  Ann.  xcix.  575-; 

xvi.  55. 

On  the  tantalates :  by  H.  Rose.     Berl.  aikad.  Ber.  1857,  388 ; 

Chem.  G-az.  1857,  412. 

On  the  tantalates  of  potash  :  by  S.  Rose.     Berl.  A-kad.  Ber.  1857, 

206  ;   Chem.  Gaz.  1857,  265. 

Researches  on  tantalum  :  by  R.  Hermann.     J.  pr.  Chem.  Lxx.  198  ; 

Ann.  Ch.  Phys.  [3]  1.  184. 
Taraxacum. — Taraxacum  a  source  of  fallacy  (?)in  testing  for  morphia. 

Pharm.  J.  Trans,  xvii.  243,  293. 
Tartrates. — Preparation  of  tartrate  of  zinc  :  by  M.  Gohley.    J.  Pharm. 
[3]  xixi.  253. 

On  tartrate  of  nickel  and  potassium :  by  C.  Fabian.     Ann.  Ch. 

Pharm.  ciii.  248. 
Tellurium. — Test  for  tellurium  in  minerals:  by  31.  v.  Kohell.     J.  pr. 
Chem.  Ixxi.  151 ;  Pharm.  J.  Trans,  xvii.  274. 
■  On  some  characteristics  of  tellurium  ores :  by  Prof.  v.  Kohell. 
Chem.  Gaz.  1857,  440. 
Tetartohedry. — See  Crystalline  Foi-m. 
Theine. — Determination  of   the    amount  of  theine  in    guarana:    by 

J.  Stenhouse.     Ann.  Ch.  Pharm.  cii.  124. 

Thermometer. — xsotice  of  a  new  maximum  and  minimum  mercurial 

thermometer:  by  J.  G.  JMacvicar.     Chem.  Soc.  Qu.  J.  x.  221. 

Thialdiue. — Contributions   towards   the  history  of  thialdine  :  A.  W. 

Hofmann.     Chem.  Soc.  Qu.  J.  x.  193 ;  Ann.   Ch.  Pharm.  ciiL 

93  ;  Proc.  Eoy.  Soc.  viii.  491. 

Thymol. — On  oil  of  thvme  and  thymol :  by  A.  Lallemand.     Ann.  Ch. 

Phys.  [3]  xlix."  148 ;  Ann.  Ch.  Pharm.  cii.  119. 
Tin. — Xote  on  crvstallized  binoxide  of  tin:  by  F.  A.  Abel.     Chem. 
Soc.  Q.  J!  X.  119. 

On  some  soluble  basic  salts  of  tin  :  by  J.  M.  Ordway.     Sill.  Am. 

J.  [2]  xxiii.  220 ;  Chem.  Gaz.  1857,  427. 
-^^  On   the  stanniferous    deposits   of    Bretagne  :    by   J.    Durocher. 
Compt.  rend.  xlv.  522. 

Assay  of  tin-ores  :  by  A.  Levol.     Ann.  Ch.  Phys.  [3]  xlix.  87. 

Commercial    valuation    of   tin-salts  :    by    M.    Sclilagdenhauffen. 

J.  Pharm.  [3]  xxxi.  96. 
Estimation  of  tin.     J.  Pharm.  [3]  xxxi.  270. 
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Tiu. — Preparation  of  stannate  of  soda.     J.  Pharnn.  [8]  xxxi.  269. 
Titanium. — On    the    special  affinity   of    nitrogen   for  titanium  :    by 

F.   Tf  older  and  M.  Deville.     Compt.  rend.  xlv.  480 ;  Chem. 

Gaz.  1857.  449  ;  Ann.  Ch.  Pharm.  ciii.  230. 
Tragacanth. — See  Gum. 

Triads. ^ — On  conjugated  triads:  by  P.  Kremers.     Pogg.  Ann.  ci.  274. 
Tribromhydrin. — On  tribromhj-drin  and  bodies  isomeric  with  it :  by 

M.  BertMot :  Compt.  rend.  xlv.  304. 
Triethylamine. — See  Ethyl. 
Trimetliylamine. — See  Methyl. 
Truffle. — Chemical   analvsis    of    the    edible   truffle  :    by  J.   Lefort. 

J.  Pharm.  [3]  xxxi.  440 ;   Compt.  rend.  xliv.  898. 
Tungsten. — On  tungsten  and  its  compounds:  by  A.  Eiche.     Ann.  Ch. 

Phys.  [3]  1.  5. 
On  the  action    of  iodide    of    ethyl   on  tungstate  of  silver:    by 

A.  Gossmann.     Ann.  Ch.  Pharm.  ci.  218. 
Turpentine. — Poisoning   by  vapour  of  turpentine :  by  M.  de  Calvi. 

Compt.  rend.  xlv.  886. 
Tyrosin. — On  tyrosin  :  by  Conrad  JTicJce.     Ann.  Ch.  Pharm.  ci.  314. 
— —  On  a  simple  reaction  for  the  detection  of  tyrosin,  leuein,  hypoxan- 

thin,  uric  acid,  and  a  new  body  from  the  liver  (xanthoglobulin)  : 

by  Prof.  Scherer.     J.  pr.   Chem.  Ixx.  406 ;  Chem.  Gaz.  1857, 

455. 


TJ. 

Ultramarine. — Action  of  iron   on   vdtramarine.     J.  Pharm.  [3]  xxxi. 

267. 
On  artificial   ultramarine :  by   H.    WilTcens.     Chem.  Gaz.    1857, 

456. 
Uranium. — Experiments  on  the  purification  of  oxide  of  uranium,  and 

preparation  of  subsidiary  products  from  the  uranium  ores  of 

Joachimsthal :  \)j  A.  Patera.     Chem.   Gaz.  1857,  89. 
On  some  salts  of  uranium  ;  by  G.  Arendt  and  W.  Knap.     Chem. 

Gaz.  1857,  177. 
Preparation  and  analysis   of  oxide   of  uranium  :    by  L.  Kessler, 

J.  Pharm.  [3]  xxxi.  182. 
Urari. — The  urari  or  arrow-poison  of  Guiana :  by  B.  H.  Schomhurgh. 

Pharm.  J.  Trans,  xvi.  500. 
Urea. — Experiments  on  urea  and  the  urates:  hj 31.  Gallois.     Compt. 

rend.  xliv.  734  ;  Chem.  Gaz.  1857,  247 ;  J.  Pharm.  [3]  xxxii, 

64. 

On  urea  :  by  V.  Dessaignes.     J.  Pharm.  [3]  xxxii.  37. 

On  urea  :  bv  C.  Xevhauer  and  G.  Kerner.     Ann.  Ch.   Pharm.  ci. 

318. 
■ On  some  compounds  of  urea  with  organic  acids  :  by  H.  HJasiwet:}, 

J.  pr.  Chem.  Ixix.  100. 
Preparation  of  ethvlamine  from  urea:  by   K.   Tuttle.     Ann.  Ch. 

Pharm.  ci.  288^;  Chem.  Gaz.  1857,219. 
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Urea. — Presence  of  urea  iu  a  serous  cyst :  by  M.  GalJois.     J.  Pharni. 

[3]  xxxi.  215. 
On  the  preparation  of  tetrethyl-urea  :  by  A.  Bruning.     Ann.  Ch. 

Pharm.  civ.  187. 
Metliod   of  detecting   sugar  in  diabetic    urine  :    by   R.  Bottger. 

J.  Pharm.  [3]  xxxii.  371. 
On  the  non-existence  of  albumin  in  normal  urine  :  by  A.  JSecqtierel. 

Compt.  rend.  xlv.  899. 
On  the  occurrence  of  indigo-blue  in  urine  :  by  E.  Schunck.     Phil. 

Mag.  [4]  xiv.  288. 
On  the   urinary  secretion  of  fishes,  with  some  remarks  on  that 

secretion   in   other  classes    of  animals :  by   John  Davy.     Ed. 

Phil.  Trans,   xxi ;  par>t  IV.  p.  540  ;  abstr.  Proc.  Roy.  Soc.  Ed. 

iii.  452. 
On  the  urine  of  women  during  lactation  :  by  M.  Leconte.     Compt. 

rend.  xliv.  1331. 
The  glucometer  for  determining  the   amount  of  sugar  in  diabetic, 

urine,  and  other  solutions  containing  glucose-sugar :  by  A.  £. 

Garrod.     Pharm.  J.  Trans,  xvii.  261. 


V. 

Valerates. — Note  on  valerate  of  ammonia.     J.  Pharm.  [3]  xxxi.  103. 
Vanadium. — Ou  the  crystalline  form  of  vanadite  from  Carinthia:  by 

E.  Desains.     Pogg.  Ann.  c.  297. 
On  some  compounds  of  vanadic  acid  :   C.  v.  Hauer.     Wien.  Akad. 

Ber.  xxi.  333  ;  Chem.   Gaz.  1857,  101 ;  J.  pr.  Chem.  Ixix.  385. 
On  the  extraction  of  vanadium   from  the  uranium  ores  of  Joach- 

imsthal :    by  C.  v.  Hauer.     J.  pr.  Chem.  xlix.  118. 
• Vanadium  in  native  molvbdate  of  lead.     Ann.  Ch.  Pharm.  cii.  383  ; 

Chem.  Gaz.  1857,  383. 


Vapours. — On   the    calculation   of    vapour    densities:  by   H.   Kopp. 

Phil.  Mag.  [4]  xiv.  234. 
On  the  vapour-density  of  certain  mineral  substances  :  by  S.  Deville 

and  L.  Troost.     Compt.  rend.  xlv.  821. 
Varnish. — Green  varnish.     Chem.  Gaz.  1857,420. 
Vine. — On  the  vine-disease :  by  M.   Barreswil-     J.    Pharm.  [3]  xxxi. 

355. 
Vinegar. — Determination  of  the  amount  of  acetic  acid  in  vinegar  :  by 

F.  J.  Otto.     Ann.   Ch.  Pharm.  cii.  69 ;  Chem.  Gaz.  1857,  258. 
Volcanoes. — On  the  chemical   composition  of  the  gases  emitted  from 

the  volcanic  vents  in  Southern  Italy:  by  C.  Ste. -Claire  Deville 

and  F.  Lehlanc.      Compt.   rend.  xliv.  769  ;  xlv.  398. 
On  the   formation  of  craters,  and  tlie   nature  of  the  liquidity  of 

lavas ;  by  G.  P.  Scrope.     Phil.  Mag.    [4]  xiv.  128,  188. ;  Sill. 

Am.  J.  [2]  xxiii.  346. 
On  volcanic  emanations:  by  O.  Ste. -Claire Deville.     Compt.  rend. 

xliv.  58. 
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Volume. — Comparison  between  the  modifications  of  specific  heat  and 
specific  volume  :  by  P.  Kremers.     Pogg.  Ann.  c.  89. 


W 

Water. — On  the  existence  of  silver  in  sea-water  :  by  F.  Field.     Proc. 

Eoy.  Soc.  viii.  292. 
■ Confirmation  of  the  presence  of  silver  in  sea-water.     Pogg.  Ann. 

e.  349. 
New  examination  of  the  gas  produced  in   the   decomposition  of 

water  bv  red-hot  charcoal.     Action  of  this  gas  upon  animals  : 

by  M.  Langlois.     Ann.  Ch.  Phys.  [3]  li.  322. 
Observations  made  to  ascertain  the  specific  gravity  of  sea-water  in 

the  Northern  and  Southern   Hemispheres :    by  Sear-Admiral 

P.  J.  King.     Proc.  Eoy.  Soc.  viii.  291. 
On  the  formation  of  water  by  platinum  electx'odes  :  by  21.  Bertin. 

Couipt.  rend.  xliv.  1273. 
■ On  the  polar  decomposition  of  water  by  common  and  atmospheric 

electricity:  by  T.  Andrews.     Ann.  Ch.  Phys.  [3]  1.  124. 
Researches  on  the  amount  of  salt  in  sea-water  aud  its  value,  in 

the  Mediterranean  Sea  and  Atlantic  Ocean :  by  A.  Ermann. 

Pogg.  Ann.  ci.  577. 
On  the  composition  of  waters :  by  F.  Peligot.     Ann.  Ch.  Phys. 

[3]  li.  383 ;  Compt.  rend.  xliv.  193. 
On  the   brine- springs  of  Cheshire :  by   A.   B.  XortJicote.     Phil. 

Mag.  [4]  xiv.  457. 
On  the   mineral  waters   of  CondiUac   (Tarn) :   by   M.    Tampier. 

Compt  rend.  xliv.  23. 
On  the   sulphurous  water  of  Gazost :  by  O.  Henry.      J.  Pharm. 

[3]  xxxii.  173. 

Chemical  examination    of   the  mineral  and    tliermal  waters   of 

Eovat   and   of   Chamalieres  (Puy-de-D6me) :    by   J.   Lefort. 

J.  Pharm.  [3]  xxxi.  84. 
Chemical  composition  of  the  mineral  water  of  Negrac  (j^rdeche). 

J.  Pharm.  [3]  xxxii.  25. 
Presence  of  fluorine  in  the  mineral  waters  of  Plombieres,  Vichy, 

and  Coutrcxeville.     J.  Pharm.  [3]  xxxii.  50. 

On  tlie  mineral  springs  in  the  island  of  Sardinia  :  by  M.  Bornemann. 

Compt.  rend.  xlv.  180. 
Eeport  on  the  properties  of  the  Eivington  water :  by  J.  B.  Nevins 

and  J.  B.  Fdicards.     Pharm.  J.  Trans,  xvi.  600. 
■ On  the  chemical  composition   of  the  waters   of  the  St.  Lawrence 

and  Ottawa  rivers  :  by  T.  Sterrg  Hunt.     Phil.  Mag.  [4]  xiii. 

239. 
Analvsis  of  the  Tunbridge  Wells  water:  by  J.  Thomson.     Chera. 

Soc.  Qu.  J.  X.  223. 
Analvsis     of    waters    from      the     Turco-Persian     frontier  :    by 

T.  Richardson  and  F.  J.  J.  Brewell.     Phil.  Mag.  [4]  xiii.  147. 
• Artificial  Vichv  water.     Pharm.  J.  Trans,  xviii.  231. 
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Water. — On  the  mineral  water  of  Vic-sur-Cere  (Cantal)  :  by  E.  Soti- 

heiran.     J.  Pharm.  [3]  xxxii.  19. 
Waterproof. — Simple  pi'ocebis  ibr  rendering  stuffs  waterproof.     Chem. 

Gaz.  1857,  419  ;  Pharm.  J.  Trans,  xvii.  233. 
AVax. — On  some  of  the  products  of  oxidation  of  Chinese  wax  :  by  G.  B. 

Buchton.     Chem.  Soc.  Qu.  J.  x.  166. 
Wheat. — On  some  points  in  the  composition  of  wheat-grain,  its  pro- 
ducts  in  the   mill  and   bread :  by    J.    B.    Laives  and  J.  H. 

Gilbert.     Chem.  Soc.  Qu.   J.  x.  1,  269;    ahsfr.   Chem.   Gaz. 

1857,  194. 
White. — On  the  so-called  permanent  white,  or  blanc-fixe  (sulphate  of 

baryta)  :  by  S.  Gompet^tz.     Chem.  Gaz.  1857,  57. 
Wine. — Analysis   of  wines  treated  with  gypsum :  by  M.  Iltigouneng. 

J.  Piiarm  [3]  xxxi.  262. 
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